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ABSTRACT 


The development of problem-solving ability has 
always been a basic aim in mathematics instruction at the 
elementary school level. Nelson and Sawada (1974) under- 
took an extensive project in which they traced the 
development of responses of young children to oral problems. 

In the present study, the behavior of children, 
aged three to nine, was examined as they attempted to solve 
two mathematically equivalent problems involving a coordin- 
ate reference system. The problem situations consisted of 
a parking lot and a theatre. Problems of location and 
selection were presented to each subject. 

The subjects were interviewed twice. In the first 
interviews 60 subjects were given the parking lot problem 
and 30 of these also did the theatre problem. The second 
interviews were conducted one year later. In this part of 
the investigation, 48 of the original 60 subjects were 
presented the theatre problem and 24 of these also 
attempted the parking lot problem. The behaviors of the 
subjects as they did the problems were recorded on half 
inch videotape. 

The apparatus used with each problem permitted 
different levels of solution. The subjects exhibited a 
variety of procedures in attempting the tasks. Some sub- 
jects used a random approach, others were systematic in 


their procedure. Counting, matching or a combination 
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thereof were the techniques used to solve the location 
problems. As the age of the subjects increased the amount 
of manipulation of the materials decreased. 

Comparison of solution results and procedures 
employed seemed to indicate that children work as well in 
two-dimensional space as they do in three-dimensional 
space. However the younger subjects were more successful 
in working with a coded triple in three-dimensional space 
than a numeral pair in two-dimensional space. 

The use of the videotape recorder proved to be a 
very effective means for recording the behaviors of young 
children as they solved problems. Behavioral trends were 
catalogued after a team of investigators had extensively 
viewed the tapes. 

It was suggested by the study that further 
research be undertaken in certain areas of problem solving, 
the most important being the development of a child's 


concept of space in such learning situations. 
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Chapter I 


THE PROBLEM AND THE NATURE 


OF THE INVESTIGATION 


INTRODUCTION AND STATEMENT OF THE PROBLEM 


The development of problem-solving ability has 
always been a basic aim in mathematics instruction at the 
elementary school level. Considerable research has been 
conducted to determine the way children solve problems. 
Unfortunately the research has been concerned mainly with 
written answers to problems given orally or which children 
had to read. Not much has been done to determine the 
factors which affect children's ability to apply mathemat- 
ical knowledge in the process of solving problems of a 
practical nature or problems which have significance in 
themkeeenoferhe child. 

Nelson and Sawada (1974) undertook an extensive 
project in which they traced the development of responses 
of young children to oral problems. In the project the 
verbal aspect was kept to a minimum and the child was not 
required to respond in symbols. The data for this study 
has come from part of the Nelson and Sawada investigation. 
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which could be used effectively to study the problem-solving 
behavior of children. 

b. Construct, on the basis of the refined criteria, 
a selection of problem situations. 

c. Engage children, under carefully controlled 
conditions, in interacting with the problem situations. 

d. Observe, record and categorize the behaviors 
manifested by the children while interacting with the 
problem situations. 

e. Trace the scope and sequence of problem- 
solving behaviors over the age range of three to eight. 

Although criteria for the construction of problems 
can be formulated, there was little information available 
to indicate how children would react to different aspects 
of the problem at different age levels. Therefore the 
first step in the investigation was to establish guide- 
lines for the designing of problem situations that would 
be suitable to explore children's behavior. The character- 
istics of a "good" problem outlined by Nelson and Kirkpatrick 


(1975) were used. They are: 


1. The problem should be of significance mathe- 
Ma eledl Ly. 
2 The situations in which the problem occurs 


should involve real objects or obvious simulations of real 


objects. 


3. The problem situation should capture the 
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interest of the child. 

4. The problem should require the child himself 
to move, transform, or modify the materials. 

5. The problem should offer opportunities for 
different levels of solution. 

6. The problem situation should have many physical 
embodiments. 

7. The child should be convinced that he can solve 
the problem, and he should know when he has a solution for 
Le. 

Six pairs of problems were designed to investigate 
concepts such as factoring, seriation, the operation of 
division, reflection, geometrical shapes, and a coordinate 
reference system. Although the physical aspect of the 
problem pairs differed sharply they were designed to be 
equivalent mathematically. Solving problems which involved 
a coordinate reference system formed the basis for this 
particular study. A simulated parking lot and theatre 
were designed to observe young children as they solved 


problems in two and three dimensional space. 
BACKGROUND TO THE STUDY 


1. Problem Solving 
In today's world of modern technology and rapid 
change, the ability to adjust and to solve one's problems 


is of paramount importance. Many studies investigating how 
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children solve problems have been done in the past 
(Kilpatrick, 1969; Riedesel, 1969; Suydam, 1967, 1974). 
Suydam, in categorizing the research in elementary mathe- 
matics, found that most studies were concerned with 
children's verbal or written responses to problems. The 
method frequently employed in these studies was to present 
the child with a verbally stated problem which was to be 
solved usually by using mathematical symbols. The responses 
alone did not yield sufficient evidence to indicate the 
thought processes that were involved. Kilpatrick (1969) 
indicated that problem solving had not been investigated 
systematically. He urged that problem-solving studies 
build on previous research and that more clinical investi- 
gations be undertaken. 

Attempts in other studies have been made to under- 
stand the development of the thought processes of children 
by analyzing the procedures or strategies they have 
employed while involved in problem-solving situations 
(AELO ter mo Oe Flaherty, 10735 eKintpatrack a9 69> 
Menchinskaya, 1969; Stern, 1967; Yaroschuck, 1969). 

Having subjects describe what they are thinking does not 
appear to be an effective means for studying problem- 
solvingsbehavior. Flaherty (1973), using the *thinking 
aloud' technique, found there were significantly more 
errors made by those who were required to verbalize while 


doing computations compared to those who worked silently. 
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Menchinskaya (1969) describes the inability of young 
children to verbalize the course of their solution even 
though they had successfully completed the problem. 

If children are unable to describe their course 
of thought as they solve a problem, other means are 
required to trace the development of problem-solving 
abilities. Some mathematics educators are beginning to 
use techniques similar to those revealed in psychological 
studies of higher cognitive processes. The work of Piaget 
has had great impact on the method of conducting such 
investigations. He observed and recorded the actions and 
verbalizations of individual children as they proceeded 
to solve problems accompanied with physical objects found 
in a child's environment. Experiences with physical 
objects is considered by Piaget (1964) as an important 
factor in development. He wrote: 

Experience of objects, of physical reality, is 
obviously a basic factor in the development of 
cognitive structure. (ome) 

Piaget's theory of cognitive development has led 
to investigations in mathematics education which try to 
devise meaningful learning experiences for young children. 
Yaroschuck (1969) devised problems in pairs which were 
characterized by the same mathematical structure. It was 
assumed that the same process of solution would be required 
to solve both the "subject problem" which was supplemented 


with concrete material and the "numerical problem" which 
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consisted of numerical content. He found that the children 
were more successful in solving the "subject problems" 
than the "numerical problems." 

A few investigations have been conducted where 
solutions to problems have been expressed in the arrange- 
ment of physical objects rather than in verbal or written 
responses (Sawada, 1966; Little, 1974). Little found that 
young boys would attempt to solve division problems through 
the manipulation of physical objects. 

Nelson and Sawada (1974), recognizing the merits 
of Piaget's method of investigation and a clinical setting, 
conducted a longitudinal study whereby young children's 
problem-solving behavior was recorded on videotape. The 
problems involved simulated materials of real life situa- 
tions that would be familiar to a child and that would 
enable a solution to be expressed without the use of 
numerical symbols. The behaviors manifested by the chil- 
dren while interacting with the problem situations were 
categorized. Their scope and sequence were traced over 
the age range of three to eight. 

If the relationship between problem solving and 
mathematics learning is to be studied systematically, 
appropriate problem-solving situations must be carefully 
devised. Information must be obtained on how children 
behave at different age levels when attempting to solve 


problems. This would enable the construction of problem- 
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solving situations which would present mathematical con- 
cepts in a form that would be most comprehensible to young 


children. 


Ze vnemsDeve LOpMmen tao ilma 
Concept of Space 


How does a child develop his concept of space when 
Space is thought of in terms of a frame of reference? It 
is the space involved in an orientation process which 
enables movement from one specified place to another. 
Mastery of space is essential for man and seems to be 
achieved without difficulty. We have all experienced an 
occasional upset when emerging from an unfamiliar exit of 
a building. It takes only a moment to orient oneself. 

How does a child interpret space? What concepts does he 
have at his disposal? Little research has been done to 
shed light on these issues. Piaget and his colleagues, 
Inhelder and Szeminska, have probably made the largest 
contribution to a theory of how children interpret space 
and acquire the various geometrical concepts to orient 
themselves in their environment. 

Geometry is a mathematics concerned with position 
or location in space. Topology, projective geometry and 
Euclidean geometry are most closely related to children's 
experiences. Piaget and Inhelder (1967) were intrigued by 
the fact that the historical and logical sequences of 


geometry were in conflict. In elementary schools the 
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fundamental principles introduced were based on Euclidean 
concepts such as straight line and angles. [In contrast 
they have successfully demonstrated that a young child 
interprets space with such concepts as proximity, separa- 
tion, order and enclosure which are topological types of 
relationships. 

Piaget maintains that the evolution of spatial 
relations proceeds at two distinct levels: perceptual 
and conceptual. Children's perceptual space has reached 
projective and quasi-metric levels during the first year 
of life when their conceptual space has barely begun. He 
also maintains that the child's interpretation of space is 
developmental in nature proceeding from topological space 
which deals with the internal relations of isolated 
objects, to projective space which deals with the relation 
of the object from the subject's viewpoint, and finally to 
Euclidean space which deals with relations of objects to 
objects. 

Laurendeau and Pinard (1970) conducted an in-depth 
studyaon howea, childsdevelopseaconcept ofsspace-9 = Their 
evidence supports Piaget's theory that the acquisition of 
representational space is developmental in nature with the 
initial concepts being topological. 

Euclidean geometry is concerned with the relations 
or coordination between different objects in space. One 


Euclidean relation between objects is their position 


relative to each other. A vertical and horizontal axes 
are used as a frame of reference. Piaget proposed that 
before a child is able to develop the abstract idea of 
horizontal and vertical axes as a frame of reference, 
certain topological and projective concepts need to be 
attained. A child needs to be able to orient objects in 
relation to himself. The topological concepts of 
proximity, separation, and order enable him to establish 
the necessary relationships for orientation. Vertical 
and horizontal directions, developed through the notions 
of above-below and left-right respectively, are concepts 
of projective geometry which are necessary in the develop- 
ment of a frame of reference. In the development of 
Euclidean space which contains concepts of parallels, 
angles, and proportion, the conservation of distance 
together with some notion of displacement (the congruent 
transformation of spatial figures) is required to coordinate 
relative distances and true positions of objects. The 
findings of Shantz (1966) support Piaget's hypothesis that 
distance conservation is a prerequisite for the attainment 
of the coordinate concept. The representation by a scale 
drawing would provide a workable format. 

The simplest and most natural frame of reference 
available to a child is probably that provided by the 
physicalsworld. |The) flooniorm groundgrepresentehisfhori— 


zontal axis while trees and buildings provide him with a 
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vertical reference. Piaget's study of the construction of 
horizontal and vertical axes provides a way to understand 
the construction of a coordinate system in Euclidean space. 

Piaget (1956) designed various tasks which were 
devised to investigate a child's concept of Euclidean 
Space. The task for studying horizontality uses two 
narrow-necked bottles: one with straight, parallel sides 
and the other with rounded sides. Each is Sarena filled 
with colored water and the children are asked to "guess" 
the position of the water when the bottle is tilted. The 
study of the vertical involves floating a cork with a 
Matenstick placed *vertically=ineit)Onwthensurfacesor the 
water in the jars. The child is asked to draw the position 
Ofecheeumasteweol this: Ship, atedifLercnesinclinations of 
thesyare in’ addition, the child@iseshown a mountains or 
sand and asked to plant posts "nice and straight" on the 
summit, on the ground nearby, and on the slopes of the 
mountain. 

The results show a developmental trend in that 
four and five-year-olds are unable to represent either the 
water or mountain as a plane surface, whereas as the age 
increases the capabilities increase to the point where an 
eight or nine-year-old is able to predict the horizontal 
SndeVeEEtLcal in allecases. 

Novell (197))wstudledechildren se concepesot athe 


horizontal axes by placing a partially-filled bottle in 
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PrRONespoOsStTtion, —auecam with auhorizontal@iine drawnon it, 
and another partially-filled bottle, the same size but in 
an upside-position, in front of the children. The subjects 
were then asked to draw the bottles and their contents. 
Lovell concluded that a Euclidean frame of reference 
develops through incidental experience and action. The 
development arises through the evolution of schemes. 

Olson (1969) studied children's conceptual frame- 
work of space by having the subjects perform various tasks 
while blindfolded to prevent the use of perceptual con- 
cepts. He found that preschool children possess a concept 
of spatial relationships on a horizontal plane. The 
children could invalidate all external cues other than 
those necessary to make directional judgments. They 
could functiwon)without knowinge@the Wabels@lett andgnight- 
Olson's research favors Piaget's view that language is not 
a necessary condition for conceptual differentiation, at 
least for the directional aspect of space. 

A young child seldom uses the vertical and hori- 
zontal system provided by the physical environment in which 
hemlives ss loOestudyetherabllity, tomlocaresseveral obi] ects 
eorrectly in relation to each other Piaget used a set of 
blocks arranged in arbitrary fashion, and asked children to 
make another pattern like it with another set of blocks. 
After his first attempt the child was given paper strips 


to serve as a set of axes and asked if they would help him 
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in positioning the objects correctly. Young children failed 
LOmsSecemthies Valuesorsthe, strips sot (paper selon! yaatmage mine 
did children begin to make use of the strips as a reference 
system. 

Piaget (1960) has devised tasks to show how young 
children interpret the ideas of horizontal and vertical. 
A process was designed to analyze how they would use a set 
of axes. The next question to be answered would be how 
do children proceed to locate a point in two-dimensional 
space without an instrument to measure angles. To locate 
a point requires a coordinate reference system composed of 
horizontal and vertical axes or rectangular coordinates. 
Ach ldeisigivensas *toolstatruler, stick, “strips*ofypaper, 
and a piece of string and asked to represent on a blank 
piece of paper a point in the same position as a point 


shown on another piece of paper. 


The results revealed that children at four and five 
years of age do not attempt to use the tools but simply 
guess the position of the dot. In the next stage a elopuikel 
would use a ruler to measure the distance from the corner 


to the point and guess the appropriate angle. At the 
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approximate age of nine, the child is able to coordinate 
horizontal and vertical measures to locate a point.” The 
ability to locate a point in three-dimensional space was 
found to occur almost simultaneously with that of two- 
dimensional space. 

It has been theorized that as a child grows, the 
incidental experiences in his daily living enable him to 
develop a concept of space which incorporates a reference 
system. After he is able to distinguish objects which 
are near or far from him, he gradually develops the con- 
cepts of horizontal plane and a vertical plane through 
relationships such as: above and below, left and right. 
When a child is able to acknowledge that the relationship 
among objects remains constant even though his position 
has changed, the final phase for developing a reference 


system has been achieved. 


PUREOS Pe Ora cH barony 


At the University of Alberta a research project 
was initiated to study the behaviors of young children in 
solving non-verbal problems (Nelson, 1976a; Nelson and 
Sawada, 1975). The data from one set of parallel problems, 
which encompasses a cross-sectional sampling and a longi- 
tudinal sampling, formed the basis of this investigation. 
In this study an attempt was made to observe, record and 


describe the behaviors of children, age three to nine, 
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while engaged in problems involving a coordinate reference 
System. The behaviors analyzed consist of manipulative 
actions and verbalizations. The procedures used to solve 
the problems were catalogued and their differences were 


compared between age groups for the various tasks. 


ASSUMPTIONS 


1. It was assumed that each of the two problems 
devised for the study met the criteria for a good problem. 

2. It was assumed that the problem situations 
would elicit a wide range of non-verbal solution responses. 

3. It was assumed that the solution responses 
made by the subjects in a clinical situation were indica- 
tive of the way they would respond to similar problems in 
their everyday experience. 

4. It was assumed that the range of problem- 
solving behaviors observed were dictated by the problems 
and the materials. 

5. It was assumed that from the recorded data it 
would be possible to trace the nature and development of 
behaviors of children in problems requiring a frame of 


reference. 


LDIMETATIONS OF OTHE STUDY 


1. The problems designed for this study limit 


the range of problem-solving behaviors displayed by the 
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subjects. 

2. No background information on the subjects was 
obtained forrconsideration of its implications. 

3. The behavior observed will be characteristic 
only to the subjects involved in this study. 

4. When the data were taped the subjects were in 


an unfamiliar setting. 
CLARIFICATION OF TERMS 


Location Problem: A location problem is one in which a 
position on a grid is to be found from a description. 
The location problem consisted of performing three 
tasks with the parking lot apparatus and four tasks 
with the theatre apparatus. 

Selection Problem: A selection problem is one in which 
a given position is described by the selection of the 
appropriate ticket. 

Ordered Pair: The description of a position is given by 
two numerals. The first numeral refers to the 
horizontal direction and the second numeral refers 
to the vertical direction. 

Coded Triple: The description of a position is given by 
three different elements: color refers to the plane, 
number to the horizontal direction, and letter refers 
to the vertical direction: 


Problem: A verbal statement about the apparatus requiring 
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a response from the subject. 

Problem Situation: All aspects of the apparatus designed 
for the problem. 

Problem-solving Behavior: Any act or reaction manifested 


by the child's interaction with the material. 


SIGNIFICANCE OF THE STUDY 


There has been a great deal of research on chil- 
dren's problem-solving abilities. In the past very few 
studies were undertaken with young children using the non- 
verbal approach in studying problem-solving behaviors. By 
assuming that non-verbal responses are indicative of the 
way a child perceives a task this study should reveal 
information on the kinds of processes available to a child 
when he attempts to solve a problem. The categorization 
of these responses should lead to the identification of 
the strategies available to children in problem solving 
at the various age levels. 

The analysis of the behaviors exhibited by the 
subjects in using a coordinate reference system 
will be combined with the analysis of the behaviors 
exhibited in the other problems studied in the project. 
The findings should serve as a guide in devising problem 
situations to be researched in the study of children's 


thinking through the medium of non-verbal problem solving. 
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OUTLINE OR STH os TUDY. 


The following chapter contains a detailed explana- 
tion of the two coordinate reference problems investigated 
and their mathematical basis. The sampling, the data 
collection and analysis procedures are also explained. 

Chapter III contains the findings of the study. 

Chapter IV provides a summary of the study, a 
discussion of the findings, implications of the study, 


and recommendations for further research. 
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DESIGN OF THE INVESTIGATION 


The purposes for Nelson and Sawada (1975) in their 
research project "The Nature and Development of Problem 
Solving Behavior in Early Childhood" were to create good 
problems, and to record and analyze behaviors of young 
children engaged in the problems. Six problems and a set 
of six different but mathematically equivalent problems 
were designed having as their basis either numeration or 
spatial relationships. Six of the twelve problems were 
presented individually to each child who had at his disposal 
the apparatus specific to each. The behaviors of the sub- 
jects while attempting to solve the problems were recorded 


on videotape. 


PURPOSE OF THIS STUDY 


The basic purpose of this study is to investigate 
the behaviors of children when they are engaged in problem 
solvingstasks. 

The specific purposes are: 

1. To encode the behaviors exhibited by the 
children while they were engaged in solving problems in 

(i) two dimensional space 


(ii) three dimensional space. 


18 


a 
Wa) on 


: : a - _ we 


‘ 7 eoeraeryes eas —r.* oh neta iv 


; ve . _— _ 
fi 7 / 
: 7 7 
7 set COERT) afneee Day +o fant. 202 emporio: on 2 
ui 7 : . ’ 7 7 7 7 7 * 
. al e 
ante? Fu seeeniutcieves 4 in) as 4 sith spect “ nes 


snont oF seew “betaheas “pisea et srivaded qiieion 


7 
etd 4 me oferh ye Qe Wiese ise bea anes a 
| be _ : a - : 7 a - 
‘ 3 iss ric fc ey Padtice ru te v pOROTE | raxkl uns 
E , : 4 


‘ " 
= i¢ (Vt: a | Te! > eS we | Afwsrtc & Au ee Be ui s 
i= ; 7 ;, ; 
7 a iw - tei : 
. the ped eta. "~ eal ‘2v 
ale 


- 
at) 
Pt S 


nse on wan 22k Le =a (oem 9 


: - - _ 
ee cusldc ig 6tiaws sar 5 ty jpn een ites slate a8 = 


7 7 _ ial 7 ' % _ ; 
nA : » j 2embev ions = oi 
; ud ; tied ote f. a : - = 
j *aetagrege? tn ee tapes 7 ‘on mist ) at 
7 77 5 7 


reusable oak sheNeen Liaw 20m 
od CPULY 


: 


9 


2. To analyze and classify these behaviors. 


= 


THE PROBLEMS 


The Parking Lot Problem 


Sein E mete e bisa geht 1b SP re ip tie lias 
FS LB See SVE GME TO ARLE Ne A ee gel iaies Rastesam aes 


The apparatus consisted of a masonite base 76.2 cm 
Sel Oeessecm =x =O). O -CMepainted blacker hignterowseot parking 
Spaces, each containing 15 bays were constructed from 
UPS acniEx US Sac balsa wood) Ggluicd slomthe baseboard sa nach 
BOWAwasooecm slong, and) each bay was) Sacm=x)6 cm.s es he 
first row was 2.5 cm from the left hand side of the base- 
board and all rows started 7.5 cm from the bottom of the 
baseboard. An arrow indicated the entrance to the parking 
Ot. 

Along with the masonite base were two masonite 


scales which when fitted alongside the baseboard gave the 
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coordinates to each bay. The horizontal scale measured 
7OMeme xe >. oO) Cciex 70.6 cmeandewas) label ledawith) the mumerals 
1 to 8 inclusive while the vertical scale measured 95 cm x 
3.8 cm x 0.6 cm and was labelled with the numerals 1 to 15 
inclusive. 

The jappavatusralsomconsistedgof sl 2eplastic toy cars 
of assorted colors and nine laminated cardboard tickets 
designating the various parking spots. 

The subject was given an opportunity to familiarize 
himself with the apparatus. This was followed by instruc- 
tion and working with the coordinate system one dimension 
at a time. The final phase of the parking lot problem was 
the interviewer demonstrating how to use the information 
given in a number pair. The subject was presented with a 
car to park and a ticket designating the location. After 
parking three cars the subject was to select the ticket 
that described the location of a specified parked car. (See 


Appendix A for detailed protocol.) 


The Theatre Problem 

Thesappabatus consisted ol, threes level seotescate 
constructed out of masonite and balsa wood. Each level had 
two blocks of seats 10.8 cm from each side and a center 
aisle 7.5 cm wide. There were five seats in each row on 
both sides of the aisle. A row of seats in each block was 
23 cm long, 3.8 cm wide, and was slightly concave towards 


the front. The individual seats in each row were marked 
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out with 0.3 cm x 0.3 cm balsa wood glued to the baseboard. 


Letters were used to label the rows and numerals were used 
to indicate the seat. The rows of seats were painted black 
and their labelling was done in white. The background 
color of the three levels was different with the floor 
level being painted yellow, the second red, and the top 
level blue. The rows of level one were labelled A to K, 


level two rows were labelled A to F, and level three rows 


were labelled A to C. In front of row A on each level white 


numerals of 1 to 10 inclusive identified each seat in the 
row. 

Level 2 was supported by six dowels 0.9 cm in 
diameter and 15 cm long. These dowels were fitted into 


sockets made on the upper surface of level one and the 
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lower surface of level two. Each socket was made from 
22.0 cm dowelling, 1.3 cm thick, with 0.9 cm diameter hole 
through the center. Level three was supported on top of 
level two by four dowels 0.9 cm diameter and 15 em long, 
which fit into sockets made on the upper surface of level 
two and the lower surface of level three. Ten toy 'men' 
and some tickets completed the apparatus. The toy 'men' 
were commercial toys similar to the Fisher-Price little 
people. Their bodies consist of a head and a cylindrical 
torso with no arms and legs. The heads have painted faces 
and hair. Some wear fixed hats. The cardboard tickets 
were colored; some yellow, some red, and some blue to 
indicate the various levels. On each ticket was printed 
a letter and a number to describe a particular seat. 

As in the parking lot problem an opportunity was 
given to the subject to familiarize himself with the 
apparatus. This was followed by instruction and working 
with the coordinate system one dimension at a time. The 
final phase of the theatre problem was the interviewer 
demonstrating how to use the information given in a triple 
consisting of color, letter andnumeral. “The subject was 
presented with a 'man' to seat and a ticket designating 
the location. After seating four 'men' the subject had the 
task of selecting the ticket which corresponded to the seat 
of the identified 'man.' (See Appendix A for detailed 


PLOCOCOL.) 
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THE MATHEMATICS OF THE PROBLEMS 


= 


Each problem consisted of location and selection 
tasks in a coordinate reference system. The parking 
lot grid was intended for investigating concepts of the 
coordinate plane, including the recognition of functional 
relationships. The theatre grid, like the parking lot, 
was designed to facilitate the investigation of concepts 
such as correspondence in a coordinate plane. It also 
enabled subjects to experience working with coordinates 
other than number and with axes which were not rectangular. 
It will be noted that in the description of the theatre, 
it was stated that the rows were slightly concave. 

The location problem involved interpreting the code 
PEIiLedmonsasticket, and relating. 1t to, asposit tion sOnmea 
grid. The selection problem, the reversal of the location 
one, consisted of identifying a position on the grid and 
selecting a ticket which described that position. In the 
parking lot the position referred to was in a two- 
dimensional space. The code was written as a numeral pair; 
the first numeral referring to the horizontal axis or the 
row and the second referring to the vertical axis which 
indicated the space. The theatre involved locating a 
position in three-dimensional space. The code for the 
theatre consisted of three different elements, each speci- 
Evind asdirection. The letter indicated thesvertical axis, 


i.e., the row and the numeral indicated the horizontal 
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axis which was the seat. The color of the ticket indicated 
the third dimension which was the plane or tier where the 
seat was located. 

Theoretically it would be expected that the 
thinking process in locating a position using a code con- 
Sisting of a single element would differ from locating a 
position using a code made up of several different attri- 
butes. When one element such as number was used to des- 
cribe a given position the order of presentation became 
important. The number pairs in the parking lot problem 
had the first numeral referring to the horizontal dimension 
and the second numeral referring to the vertical one. The 
number pair (4,3) and (3,4) would describe two different 
positions. A process was inferred to attain a solution. 

To work with an ordered pair the subjects needed to formu- 
late a rule in their own minds. An example of a rule 


would be "the first number tells how far to go this way 


and the second tells how far to go that way." Theoretically 


speaking, working with the rule and subsequently finding 
EnescOLbLect, |OCation, wouldsreinrorce the rule. ser hesorderca 
pair then would become a functional tool. On the other 
hand when the code was made up of differing attributes such 
as color, letter and number the order of presentation was 
not important. Yellow E4 described the same seat as 4E on 
the yellow tier. The triple usea in the theatre problem 


involved order in a different way than the number pair in 
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thewpankings lotsproblem. ee Thestriple was ordered! ito; the 
extent that color referred to plane, letter to row, ‘and 
numeral to sthe seats) With the triple the formulating of 

a rule was still involved. Each element of the triple 
refernedmtO-amspeciticadirectaon but the subject could 
consider the elements in the order of his choosing each 
time he attempted a task. In the first task he could 
focus his attention first on the row and space, then decide 
on which plane it should be. Doing the second task he may 
identify the plane and then proceed to find the designated 
row and space. It would be the individual who would 
formulate the order in which the elements of the triple 
were to be considered. 

The parking lot tasks were performed in a two- 
dimensional field consisting of a horizontal and vertical 
axis. A three-dimensional field was encountered in the 
theatre problem. Each of the three levels of the theatre 
was a two-dimensional plane like that of the parking lot. 
Thessubyectenoteonlyshadsto locate them particular spot 
but had to decide on which plane it should be. For example, 
the seat B8 was found to be on all three levels. It was 
up to the subject to interpret the third element of the 
triple and select the appropriate plane. 

The rows of parking spaces in the parking lot were 
parallel to each other and to the horizontal axis. They 


were also perpendicular to the vertical axis forming a 
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labelling the rows and spaces 
corresponded in such a way 


that the movement of locating 
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a position followed straight 
lines which were perpendicular 28 ie2; Bac4 

to each other. The place of (4,3) 
intersection would be the position described by the number 
pair and found by coordinating the vertical element with 
the horizontal one. In locating (4,3) as an example, 
there would be movement up row 4 parallel to the vertical 
axis and movement over the rows in space 3 parallel to the 
horizontal axis. The coordinated action would result with 
an intersection at position (4,3). 

In contrast the rows in the theatre were not 
straight. buteslightly concave The rows themselves were 
parallel but they were not 
Parallel to the horizontal 
axis and not perpendicular 
COmENeEVeLLIcdl sax1S sm) Lit 
locating the seating space 
H4jeteesubjyects tried to 


coordinate the position on 


the vertical axis with the 


(E4) 


position on the horizontal 


axis in the same manner as in the parking lot problem, they 
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would not locate the appropriate position because of the 
theatre's rows being slightly concave. Instead of moving 
in straight lines at right angles to each other, the move- 
ment had a slightly curved path. The focus would change 
from that of coordinating the movement with the labelling 
Ongtheraxis to that of finding the fourth seatein eacherow 
until row E was reached. 

The parking lot enabled the children to work ina 
two-dimensional space while using a number pair to describe 
a position. The equivalent problem involving a coordinated 
reference system was the theatre. The subjects encountered 
a three-dimensional plane and symbols other than number to 
describe a position. Both problems involved remembering 
what each element in the code stood for and coordinating 
their movements to locate a position or to identify a 


deseription on algiven location: 


Methods of Solving the Problem 

The problems involving both the parking lot and the 
theatre were designed to be mathematically equivalent. Both 
involved locating a point in a plane. The methods, of solving 
the problems involved basically two different procedures 


and a combination thereof. A point could be located by: 


eee OUT) Cd. Gg. 
Zpeecoordanating 
B eeeaacombination Ofscounting andecoordindating. 


Counting involved designating the first element of 
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the number pair to name’ the row, moving down the horizontal 
axis and pausing to count each row as it was passed until 
the desired row was reached. The second element resulted 
imei natcating mathe space, therefore when the desired row 


Wacmteacnedud turn Into the row was made. Moving ina 


Counting 


Parking Lot 


Number Pair (4,3) 


vertical direction the spaces were then counted. When the 
count corresponded to the second element the specified 
space should have been reached and a unique point located 
in the plane. 

Coordinating involved matching the first element 
of the number pair with the horizontal axis and the second 
element with the vertical axis. After the row and space 
had been identified, with hand or eye movement, a move was 


made down the specified row and up the specified column, 
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coordinating the two moves to meet at a single Space. A 


point had been located in a plane. 
Coordinating 5 


Parking Lot 
Number Pair (4,3) 


ANeexamplesOL uSing saucOmpbinatlon OL Matcuing 


and counting was given when locating the point yellow E4 


in the theatre problem. The plane was identified by 
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matching "the colorsof thesticketuw ith sthescolor of ithertier. 
In the pair E4, the E designated the vertical axis (row) 

and was located with a matching process. Next a move 
occurred down the row in the horizontal direction accom- 
panied by the counting of each seat until seat 4 was 
located. The location of point yellow E4 had been identi- 


fied. 
RESEARCH PROCEDURES 


A detailed description of the research procedures 
has been given by Little (1976), therefore a summary has 


been allocated. 


The Sample 

Six hundred letters, describing the project and 
inviting the child's participation, were distributed to 
parents of children ranging in age from three to eight 
and attending a daycare or school in the vicinity of the 
university. Fifteen children from each age level, making 
a total of 90, were chosen to satisfy the requirements of 
the study. The selection of the children was done by 
random sampling. A detailed account of the method of 
selection has been given by Little (1976). 

The twelve problems were arranged in 15 sets, each 
eoneiseing of six problems. The problem set was comprised 
of four different problems and two equivalent forms. In 


the cross-sectional sampling each of the 15 problem sets 
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was randomly assigned to one subject in each age group. 

The outcome of this procedure was that six different prob- 
lems were presented to 10 subjects in each age group and 

six equivalent problems were presented to five subjects in 
each age group. A schedule was devised for the presentation 
Ofetne problems with 60 subjects doing the parking, lot 
problem and 30 doing the theatre problem. The interviews 
began on June 24 and terminated July 23, 1974. 

In the longitudinal sampling, theoretically each 
subject was to be presented the equivalent to each problem 
done in the previous year. This would provide for six 
equivalent problems to be presented to 10 subjects in each 
age group and six different problems to be presented to 
five subjects in each age group. The distribution of 
subjects doing both a different problem and its equivalent 
in both the cross-sectional and longitudinal sampling was 
five subjects in each age group. Seventy-four of the 
original 90 subjects returned with 24 doing the parking 
lot problem and 48 doing the theatre problem. The inter- 
views for the longitudinal sampling took place from 


DU LyeomCOmOLLLY "25,5 1975. 


Pilot Study 

Amoi lotestudyawasecOnGuc Lcd pL 1OLsLOm ieadata 
collection schedule with a number of children in the age 
range of three to eight years. Little (1976) has outlined 


the purposes of the pilot study. 


eeirresny a apts vez noes ory 
pret ves ata pe riearten ; 
jake Ciniswe? ya Line eynlibe Pa aor 


© 


raldqee Poee cd Vantaa a | esi treo wail. * 
age 16). G01 0) Blgnd ; 


r 7 7] 1 ws pave: 
eioapiele “OT 6° nonranlent el 7; euphoria # 
sey ye, tl oe Sees vel si Aas se on 


speed ih Ld ae 


ers, tos peer 
oylsviops. as ‘ayes, BaD jb ede 
wee palicoke eiigis yale toe Cane: car 
wie! bey mbes ehapead signe 
cad Hits ooht 309 if ages | 


—eaenl at? .ca de cine renee ts 


a2 


A second pilot study was conducted in June 1975. 
Its purpose was to enable the new support staff to 
familiarize themselves with the protocols and the apparatus 
boeacher longitudinal data collection. At this’ time 
protocols and recording techniques were refined. Minor 
changes in the protocols guaranteed greater consistency 


between a problem and its equivalent (see Appendix A). 


Interviews 

Five interviews were conducted each day, three in 
the morning session and two in the afternoon session. An 
effort was made to have the younger subjects interviewed 
in the morning sessions because of the fatigue factor. 
During an interview there were usually seven adults present— 
two cameramen, the interviewer, two assistants, the 
director or the associate director of the project and a 
parent. The subjects did not appear to be distracted by 
the recording equipment or the adults present once they 
became involved in the problem. 

Each problem was presented to the child individ- 
ually. The material was placed on a low table in front 
of the child. The interviewer sat to the subject's right 
and presented the problem adhering to the protocol. Each 
problem had an introductory phase which enabled the subject 
to familiarize himself with the apparatus. At the comple- 
tion of a problem, the apparatus was removed and new 


materials were placed on the table as the interviewer 
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proceeded to the next problem. The taping sessions lasted 
from 1/2 to 1 hour. The younger subjects tended to take 
more time in completing the various tasks than the older 
ones. 

For the cross-sectional sampling there were two 
persons interviewing while in the longitudinal sampling 


there was one interviewer. 


The Recording 

For the recording of the interviews a Javelin 
videotape recorder and two Sony video cameras were used. 
The behaviors of the subjects were recorded on half inch 
(new format) magnetic tape. The two cameras were positioned 
to enable the capturing of the behavior of the child. A 
split screen technique was used at times to capture the 
action of the subjects from two different angles. A 
microphone was suspended from the ceiling providing for 
the recording of the verbalizations of the subject and 
the interviewer. 

In the cross-sectional sampling, the data collected 
from the 90 subjects were recorded on 54 one hour tapes 
while 45 one hour tapes held the data collected from the 


74 subjects in the longitudinal sampling. 


Coding Procedures 
A system was required that would enable cataloguing 


and analyzing the behaviors generated while the subjects 
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worked on the problems. A team of research assistants 
viewed many tapes of the various problems and of the 
various age groups. Recurring behaviors were identified. 
The presentation of the problem by the interviewer, the 
verbalizations by both the interviewer and the subject, and 
the hand movements of the subject were the categories deemed 
relevant to the study. A common code was devised for all 
the problems to enable the transcribing of behaviors as 
seen on the videotape. Each problem and its equivalent 
required certain modifications of the common code to per- 
mit the recording of behaviors unique to the problems 
involved. (See Appendix B). 

The symbols employed in the code provided for any 
action or sequence of actions on the part of the subjects 
and the interviewer to be recorded. In order to avoid 
losing important information all verbalizations, except 
for those provided for in the protocol, were recorded 
verbatim. 

The encoding of the behaviors required the tapes to 
be played and replayed several times. The time required to 
accomplish this for each problem ranged from ten minutes 
forssomesof the older subjects “to7one half houn for some 
of the younger subjects. » Sample ‘sheets’of the recordings 
may be found in Appendix C. 

A check on reliability was done during the coding 


of the behaviors. Several tapes were viewed again to 


-boieahets sinh geld weaves ge 
os awe Sea ety Ge des awl atl on ae oi" 
ore , toner ony, id QWNEsVier) ott Ged ¢4 moptonerd ev 


. aGid 


~~ 


Sense Saigenvei7* of pear 63%, s/s. SHO 19 atdteanesy £ 
42 GA bttivil Se S500 WHO © yureured? of. ar 
pane tm oe dis ioe’ oN & RAS es @*etdosg 


rq © 7¢1 
eal aves 063°) ¢ geyiorg ne. apo this <a 7o° 
~“394 Of shoo oammS 7% it ae “~~ Hetag Srshopey 
= fe S4> 33 Gwe J2h2NeEZAG Fo GNEaTICos was 
(Gh: pay PES o>; OF <7? @ iy ' ' [acegy -«it 
A 7 
ioe os 7 79FR: Si aa 7 unger! 19 8O 


hiswe ct ve5ee_ mi jatinges 2 «) aoemteiewet wir & 
: So eng: jeri tee Eis sae 3amieline gnesovg) eakemt 


ae 
-hlaure 1 eon Hs@éw 44 Aleem benivesd saaaee 


( 


saiz = 
3 

ey Saya A292 Cieiseray @ os’ yedp et enhe 1. od aah Lad 7 
ate aes ad eof Re 4 2 behold Sipmintnete tse a 
2 «Fr igsis Lathe badins the ives sh — 
out oh iron Sh a) viktioty vais ait dae 


et lai Pee % ! eSanke se oat ae 
ye 


“- ie ia 


ibiaty 


2 
a 
a 


a a 
aan ¥ 


35 


assure correct interpretation of the data. A further check 
was provided by the comparison of the experimenter's obser- 
vation to one other observer. The procedure employed was 
to select one subject randomly from each age group of the 
longitudinal sampling. After the coding system had been 
explained the observer encoded the behaviors. The 
recording sheets were compared with those of the experi- 


menter. Little disagreement was found. 


THE ANALYSIS OF DATA 


The behaviors of the subjects as they interacted 
with the material in the various problem-solving situations 
were recorded on videotape. In the present study the data 
from two of the 12 problems were encoded and analyzed. 

The two mathematically equivalent problems were the parking 
lot and the theatre problems. The behaviors exhibited by 
the subjects consisted of physical manipulations and 
verbalizations. 

In the cross-sectional sampling the behaviors were 
encoded, the verbalizations were transcribed verbatim. 

In the analysis of the data solution procedures were 
catalogued and comparisons were done between the various 
aspects of the two problems and across the age range. The 
verbalizations were classified and a discussion followed 
concerning the verbalizations used by the various age 


groups while performing the various tasks. 
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The data from the longitudinal sampling were 
analyzed in the same manner as those of the cross-sectional 
Sampling. The procedures employed by the subjects and the 


verbalizations were compared with those of the first sample. 
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Chapter 11 


RESULTS OF THE INVESTIGATION 


The main purpose of this study was to observe, record 
and describe behaviors of young children while they were 
engaged in problem-solving tasks. The tasks done in the 
parking lot problem involved locating positions in two- 
dimensional space. The theatre problem involved locating 
positions in three-dimensional space. In both the two- 
and three-dimensional tasks tickets were presented to the 
child. A pair of numerals written on a ticket indicated 
a position for the child to find in two-dimensional space. 
The first numeral indicated the row and the second numeral 
indicated the space in the row. The position designated 
in three-dimensional space was indicated with a triple con- 
sisting of color, letter and numeral. The color indicated 
the tier, the letter indicated the row and the numeral 
indicated the seat or space in the row. 

There were 60 subjects in the cross-sectional 
sampling who performed the parking lot problem, 30 of these 
also performed the theatre problem. For the longitudinal 
sampling 48 of the 60 subjects in the cross-sectional 
sampling returned to do the theatre problem. Twenty-four 
of these 48 subjects also worked on the parking lot problem. 


Each situation included a location problem and a selection 
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problem. The location problem was comprised of giving the 
subject an object to place and a ticket which indicated the 
position to be found. The selection problem consisted of the 
interviewer pointing to an object already placed with the 
subject having to select the ticket describing the position. 
The findings of the investigation are reported in this 
chapter. 
The chapter is composed of three major parts with 
subsections described as follows: 
I. The Cross-sectional Sampling 
Pea ene> Packing slot 
a. Procedures used in solving the three problems 
of locating positions uSing a number pair. 
b. Procedures used in making the selection of a 
number pair. 
c. The comparison of the location and selection 
tasks. 
Zee Lone Theatre 
a. Procedures used in solving the four problems 


obslocating, pOoSLt1onssusingsar thiple- 


b. Procedures used in making the selection of a 
triple. 
c. The comparison of the location and selection 
tasks. 
3.) -COMparisonso£ 


a. the location problems of the parking lot and 


; 7 

eines es eee : 
‘eprkiot ae Speiinades ae 
San RENE? 
18 ease oD 
Westery aowinl SAD Rasyi ot) ar heal ~ cm 
eo tha Genin’ esa sikiy 6 pai to i a 
» Se ile ie il pada hl Base een. a aa 7 - 
eahiny Mann 6 
sissies i, is petal hia aa - 


no 


pie bag ish, ate bend hoe ane eam 1 i as 


atelh a vddt “aeainge ¢ oe ae 


Oe Ie e208 tea waren tans ni) Boge : 


te 
we 


eters 


4. 


the theatre; 

b. the selection problems of the parking lot and 
the theatre. 

Verbalizations. 

Longitudinal Sampling 

tThesParking Lot 

a. Procedures used in solving the three problems 
of locating positions using a number pair. 

b. Procedures used in making the selection of 
a number pair. 

c. Comparison of the location and selection 
problems. 

The Theatre 

a. Procedures used in solving the four problems 


of locating positions using a triple. 


b. Procedures used in making the selection of 
a triple. 

C eCOmMparison or the Vocatvonsands selection 
problems. 


Comparison of 


a. the location problems of the parking lot and 
the theatre; 

b. the selection problems of the parking lot 
the theatre. 


Verbalizations. 


Ne, 


Comparison of the Cross-Sectional and Longitudinal Data. 
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PART I. CROSS-SECTIONAL SAMPLING 


SeCelonm wae lhe sParkings Lot 
a. Location Problem 
Ten subjects at each age level were presented the 
location problem which consisted of three tasks. Each 
task involved locating a position in two-dimensional 
space. Before a subject began the first task he was 
given instructions explaining the meaning of the numerals 
written on the ticket. The first task, involving the 
number pair (4,3) was demonstrated as driving up four 
rows, turning, and moving in three spaces. With the 
interviewer's assistance the subjects at the various age 
levels attempted to park the car in the space (4,3). The 
two remaining tasks were to be done without further 
instructions from the interviewer. The second task was 
tom locate the position (2,5) vand= thesthivd@taskewasato 
locate the position (8,6). (See Appendix A for protocol.) 
The behaviors of the subjects as they worked at 

solving the problems were recorded on videotape. Analysis 
of the videotapes established procedures used by the 
children which could be classified as follows: 

eam tinemsubiectr Glad noOtaLtenpu thee tasksObeGiemcasckmwas 

abandoned. 
II. The subject parked the car, with or without assistance, 
butedideso Incorrectly. 


III. The subject parked the car having one element of the 
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iV.-@eThessubject parked thevcar correctly ‘butewith explicit 


directions from the interviewer. 

V. The subject parked the car by counting or matching 
the numeral on the row axis with the first element 
of the number pair and by counting the number of 
spaces which corresponded to the second element of 
the number pair. 

VI. The subject parked the car correctly by coordinating 
both the row and the space. 

Task 1 (number pair 4,3) was an instructional task 
therefore the distribution of procedures used was not 
included in a’ table. The protocol provided, for a demon-— 
Sstrakvongon howstosuse arnumber?pair=s Fliea subject 
indicated the need for assistance while trying to locate 
(4,3) it was given. The three-year-olds either did not 
attempteto dogthe instructionaletask, oniiftathey did ,=ethey 
didesomincornectly = sEight=toureyear—-olds#and ge: ghtartave— 
year-olds parked correctly with the interviewer's assis- 
tance. The four remaining subjects in these two age groups 
Darkedethel carsmincorrechly os Thegsix=year-olds weresthe 
first age group to have some subjects park correctly 
receiving no further assistance once the instructions had 
been given. Three of the ten six-year-olds did this. 
Four parked correctly when given further assistance and 


the remaining three were incorrect in their parking. All 
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the seven-year-olds and all the eight-year-olds parked 
the cars correctly, with only one requiring assistance. 

The distribution of the procedures outlined on 
page 40, according to age and sex, are given in Table l 
foOretaske2 andslable 2etometaskes mA Murheusibdectss who 
were unable to solve the problem were classified in 
CaredOriesml,. | ueand, tlle (Ne=ee > srOmetask 270N =—258—tor 
task 3) 28 The protocolidid notlcall tor assistance to be 
given for task 2 and 3 but some assistance was given. 

The interviewer may have either repeated the instructions 
on how to use a number pair or else prompted the subject 
when a solution was being attempted. Those subjects who 
attained a solution when given assistance were classified 
iiecacedOryr lV eine =) oe bOr task 2 Ne ero tas ikes) ir 
Subjects who successfully solved the problems unassisted 
were classified in categories V and VI (N = 27 for task 2, 
Ne=—29 tor task $3). Let at be notedithat wmnwthe following 
discussions a correct response will be assumed to be 
unassisted unless stated otherwise. 

Ht the classificationsoL thesresponses does repre— 
sent solutions which would suggest increasingly higher 
levels ote organization on thelpart) or the subjects, then 
the younger subjects tended to use the lower levels and 
the older subjects the higher levels. In analyzing the 
procedures used for locating the position (2,5) (see Table 


1) it was observed that the three-year-olds fell into the 
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Table 1 


Distribution of Procedures for the Location 
Problem of) the Parking Lot 
Mask Zhe (255) 
(N = 60) 


M 
M 
M 
M 
Solutivon 
M FIM NS 2 
M 
M 
M 
M 
Pee 
= 
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| re 
7 8 


M - male 
F - female 


Assisted 
Sion mbh en mesa! 


No 
Solution 


N = 25 


Age 
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Procedure Categories 


Table 2 


Distribution of Procedures for the Location 
Problem of the Parking Lot 
Task 3 C37:6)) 
(N = 60) 


Solution 
Neo 


eee ae 


Assisted 
SOLutlon 


No 
Solution 


M - male 
F - female 
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first two categories indicating incorrect responses. Seven 
OEBthesessubyectsedidenoteattenpt toyde thestask- serne 
four, five and six-year-olds appeared to be in a stage of 
transition because of the wide variances in responses. 

Each of these age groups had some subjects who did not 
attempt the task, some who gave incorrect responses and 
some who were able to get one element of the pair correct. 
The five-year-old and six-year-old group had subjects in 
each of the six procedure categories. Four four-year-olds 
were able to park the car in the space (2,5) when assisted 
by the examiner. The five-year-olds were the first age 
group to have subjects locate the position without assis- 
tance. Of the two who were correct one used category V and 
the other used category VI. There was a sharp increase in 
the number of correct responses from two in the five-year- 
Oldworoupmtousis ingthersix=vearsoldsgroup. gainmatnessix— 
year-old group, four of the subjects who made correct 
responses used the procedure of coordinating the row and 
the space and two used the procedure stated in category V— 
counting or matching the first element and counting to 
locate the second element. Of the nine seven-year-olds 
who parked correctly seven fell into the category of 
Matchingsandmcounting seeAboutahaligtheselghneeycarsoids fell 
intomsthisecategory. «The remainder fellgintoethe) coordi-— 
nating category. 


In examining the procedures used in task 3 (number 
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pair 8,6) the three-year-olds again fell into the first two 
categories of incorrect responses. The four and five-year- 
Olds exhibited the widest range of behaviors. Both of 
these age groups had some subjects who did not attempt to 
do the task. There was a marked decrease from four in the 
four-year-old group to one in the five-year-old group. 
The four-year-olds were the only age group who required 
assistance. This age group was the youngest age group to 
give correct responses. Three of the five who made correct 
placements were assisted. The five and six-year-olds had 
seven subjects who gave totally incorrect responses, five 
who had one element correct, and seven who were correct. 
All the five-year-olds and six-year-olds who found the 
POsttione(8,6)sused taxstrategy oLrematchingpand counting. 
A sharp increase in the number of correct responses 
occurred between the six-year-olds and the seven-year-olds. 
No seven or eight-year-olds made errors. In examining 
the correct response categories, category V was the one 
more widely used. Subjects ranging in age from four to 
eight used the strategy of matching and counting. Category 
VI which involves a coordinating strategy was the one 
preferred by the seven and eight-year-olds. 

iteshould bet notedsthate(27 5)) anetaskezeisaa 
space closer to the origin than (8,6) in task 3. in 
comparing the performance between the two tasks it was 


observed that the three-year-olds performed no differently 
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im locating a™=space close to the origin than in, locating a 
distant space. They failed to do either task. There was a 
wider age range of subjects who did not attempt to find 
(2,5), the second task and the space closer to the origin, 
Shane, 0) *thescthird  task~wecnMidren, =sranging 1m age =from 
EnEeCestOesix=years, did NOt =tryeto f£and (255) while locating 
(8,6) was not attempted by children in the age range of 
three to five years. The age range of subjects giving 
incorrect responses was three to six years in both tasks. 
The number of subjects falling into Category III, the cate- 
gory indicating that the subjects located correctly one of 
the two elements of the number pair, increased from task 2 
to task 3. One five-year-old and one six-year-old had one 
element correct in finding (2,5) whereas three five-year- 
olds and two six-year-olds had one element correct in 
Vocaving, (87 6)". 

The correct responses were placed in either category 
V or category VI. These two categories differ in that there 
had to be evidence of some counting being done in locating 
aepositionif it was to be accategory V response. ~ In *category 
VI there was no evidence of counting but the child appeared 
to be matching and coordinating the row and column. The 
four-year-olds were the only subjects given assistance in 
task 3. Examining the correct responses, more subjects 
£GUnNGe(S;76) ethane (2,5). 9 ELve out ol twenty four-year-olds 


and five-year-olds were correct in locating (8,6) compared 
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LOmOneBLiVvc“vear-oldmetindinge( 25) Asstrikingsincreasesin 
the number of correct responses occurred between the five 
and six-year-olds in locating (2,5) and the six and seven- 
year-olds in locating (8,6). The six-year-olds were the only 
age group in which the number of correct responses decreased 
CrOmmcoske2atostaskeons Ginetaske2, alocating (255)5 .four of 
the six making correct responses used a coordinating strat- 
egy-ma -necontraste the: fourmcorrect responses lof sthessix= 
year-olds fell into the matching and counting strategy in 
locating (8,6). Unlike the six-year-olds, the seven-year- 
olds more frequently used a matching and counting strategy 
invlocating (275)'andga coordinationustrategy antlocating 
(8,6). More than half of the eight-year-olds used the 
coordinating strategy in solving both task 2 and task 3. 

In each of the tasks the process of matching and 
counting was used by slightly more than half of the sub- 
jects who gave correct responses. A wider age range of 
subjects used matching and counting in locating (8,6) than 
inglocating (2,5). The’ process of coordinating theraxes 
was used more by the younger subjects in locating the 
Gloserr pointe (27.5) ethane (8, 6)im Habisotethessevengand 
eight-year-olds used matching and counting in locating 
(Pe 5)mearor theamoresdistantapesa tions (876) ethe seven— 
year-olds and the eight-year-olds used a coordination 


process in fourteen of twenty cases. 
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b. The Selection Problem 

The completion of the location problem was 
followed by the selection problem if the requirements were 
mets) The protocol stated that, at’ least one car had to be 
in a correct position whether it was placed by the subject 
in completing the locations tasks or by the interviewer in 
task one, the instructional task. The selection problem con- 
Sisted of the examiner pointing to a correctly parked car 
and asking the subject to select the ticket with the number 
pair which described the car's position. (See Appendix A 
BO Beano COCO) 

The observed solution procedures were categorized 
as follows: 

Tee DnewsSubyect d1d NOtmattemptetne prooleneOonEtnes problem 
was abandoned. 
ilies subj, ectechoserane i ncorrectacard. 
Pee wee Sui} ecu CuoOSecs the COLmeCcta card. 

In 19 cases protocol was not followed in the 
presentation of the parking lot problem. For this reason 
the procedures they employed could not be classified. 

Only 41 of the 60 subjects were presented the selection 
problem in the manner specified by protocol. The procedures 
employed by these subjects have been classified as belonging 
to one of three categories. The subjects who made incorrect 
selections have been classified in categories I and II. 


Those who made correct selections have been classified in 
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Table 3 


Distribution of Procedures tor the Selection 
Broblen co tethes Parkingsa Lot 
(No= 41) * 


Solution 
PN 
a N = 20 
O 
th 
o —_— sw ow ee oe = 
AB) 
oO 
O 
Ww) 
) 
5 NO 
oS Solution 
© N= 14 
q 
Ay 


M - male 
F - female 


* Three-year-olds were not included because intablecases 
the requirements were not met. 
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vod es thpewcet: Se Lae 


8 i¢ 4 a es a) 


category III. The distribution of the different procedures 
used is shown in Table 3. 

The three-year-olds did not meet the requirements 
SO)no three-year-old did this problem. In each of the 
remaining age groups there were subjects in the three 
categories, except for age seven. All the seven-year-olds 
made correct selections. The number of correct responses 
in a given age group increased as age increased with age 
Six being the exception. The proportion of correct 
responses in the six-year-old group was smaller than that 
of the five-year-old group. There was a marked difference 
between the performance of the six-year-olds and the 
seven-year-olds. Three out of eight six-year-olds were 
correct and all the seven-year-olds were correct. Prior 
to age seven, 12 out of 20 subjects failed to select the 
correct ticket whereas all but two out of the 14 seven 
and eight-year-old group selected the correct ticket. 
c. Comparison between the Location 

and Selection of a Number Pair 

AECOMpaGUscon OL etneesOluLPOnELCsUl UL CeLOLM—LCmLOCas 
tion and selection tasks should reveal whether the children 
in the sample were as successful with the tasks involving 
one process as with those involving the other. The 
_ distribution of the correct solutions for the 60 subjects 
who performed both the location and the selection problem 


using the parking lot is given in Table 4.9) As stated jin 
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Table 4 


Distributions of Solutions for Parking 
Lot Tasks 
(N = 60) 


Le= Location Task 


insthevinstructronals task 
- location task 2 was performed correctly 


[ ]- empty space: the correctly parked car was placed 
2 
3 - location task 3 was performed correctly 


S - Selection Task 


¥ - selection correct 


TA - Task abandoned 
PA - Protocol abandoned 

* - Task was not presented 
** — Video trouble 


Section b, 19 subjects were presented the selection problem 
in-asmannerdthat® didinote follow sthe protocol. =Thisehas 
been denoted with a "PA" in the selection column. When 
the responses indicated to the interviewer that the sub- 
ject had not grasped the problem the task was abandoned. 
This occurred primarily in the three-year-old group. The 
protocol stated that at least one car had to be parked 
correctly before the selection task could be presented. 
Because in attempting the location problem no cars were 
correctly parked, the selection problem was not presented to 
all three-year-olds, two four-year-olds and one six-year- 
old. This has been denoted by a 'TA' in the selection 
column. 

In the instructional phase of the parking lot 
problem the interviewer used the number pair occurring 
in task 1 for his demonstration. Either the interviewer 
parked the car or assisted the subject in doing so. This 
enabled the requirement to be met so the selection problem 
could be presented but the responses for task 1 have not 
been included” in Table 4. ~In keeping with the format only 
the correct and unassisted responses have been included. 
An empty space in Table 4 indicates that the tasks were 
attempted but were either incorrect or assisted. 

In the three-year-old group if the tasks were not 
abandoned the responses were incorrect. On the other hand, 


the seven and eight-year-olds completed successfully both 
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the location and selection problems, with the exception 
of one seven-year-old who failed to do task 2 correctly. 
Therefore the remainder of the discussion of Table 4 will 
refer only tosthosestsubjectseinstherage ranger ofmfour to 
Six. 

It is interesting to note that four five-year-olds 
were able to make a correct selection when they were 
unable to do a location task when no assistance was given. 
Other than these four five-year-olds, only one four-year- 
Old and one six-year-old performed in this manner. 

Fifteen of the 20 children in the four and five- 
year-old group were unable to complete even one location 
task. Two four-year-olds and one five-year-old did one 
location task correctly. In these instances it was the 
Liirawlocationptask., (Injicontrasts thes twousix-year-olds 
who were successful in only one location task, located (2,5) 
task 2. Not one subject in the four to six year age 
range did only one location task and the selection task. 
The two five-year-olds, who were the youngest subjects to 
do both task 2 and 3 in the location problem, were not 
presented the selection problem according to the protocol. 
The six-year-olds were the youngest ones to do both the 
focati1Oneand selection, pLOblems. es LOuG Ofstnemten 
six-year-old boys found the positions stated in task 2 


and 3. Two of these four also did the selection problem 


conprectly . 
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Age six was the age group with the greatest variance 
in performance. Two subjects completed all aspects of the 
parking lot problem correctly, while two others did not do 
one. Of the six subjects who did correct locating all did 
The ssecondStaskewhich waselcocating numbersparn (2) 5) eerour 
of these six also found the position (8,6) which was 
task 3. One child was successful only in the selection 
problem. 

Generally speaking, the subjects who were able to 
perform successfully all three location tasks were almost 


always successful in completing the selection problem. 


Section 2. The Theatre 
a. Location Problem 

Five of the subjects at each age level who performed 
the parking lot problem also performed the theatre problem. 
The location problem in the theatre consisted of four 
tasks. Each task involved locating a position in three- 
dimenstonal space. The tickets in the theatre problem 
differed from the number pair in the parking lot problem 
in that they contained three different symbols—color, 
letter, and numeral. Before the subject began the first 
task he was given instructions explaining the meaning of 
what was written on the ticket. The first task, involving 
the triple yellow B8, was demonstrated as being on the 
yellow tier because the letter was colored yellow, in 


row B and seat 8. With the interviewer's assistance the 
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subjects at the various age levels attempted to place the 
"Man' in seat—yellow B8. The three remaining tasks were 
to be done without any further assistance from the inter- 
viewer (see Appendix A for protocol). 

Analysis of the videotapes on which were recorded 
the behaviors of the subjects, established the procedures 
which could be classified as follows: 

DowetThersubject did not attempt the taskfor#the ‘task 
was abandoned. 
II. The subject placed the 'man' having either no 
element or one element of the triple correct. 
III. The subject placed the 'man' having two elements 
ofptnestriple@cornrect. 


Oi cneusub ject sp laced ithe human jeorrectly gbutrewith 
assistance from the interviewer. 
Viemmethessubject placed the !man'Vvcorrectily: 

As in the parking lot problem a distribution of 
procedures table for task 1 has not been included because 
task 1 was an instructional task. The three remaining 
fasksmas* outlined inthe protocol “are: 

Task 2——Dlacings alumanw elieredea> et nesreds level 

being the middle tier. 

Taskeso-——placing#tatuman! iInebluesss 7ithesbluewlevel 

being the top tier. 
: 


Task 4—placing a 'man' in yellow E4; the yellow 


level being the bottom tier. 
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The distributions of the procedures according to 
age and sex are given in Table 5 for task 2, Table 6 for 
task 3, and Table 7 for task 42 All subjects who were 
unable to solve the problem were classified in categories 
Peele aideel. len (Nic aC OG EL ASh@e = ING— sl 2e Tor. taske s, 

N = 12 for task 4). Those subjects who attained a solution 
when given assistance by the interviewer were classified 
inecategory LV a(N = 92 sion taske 2 Na=ec fomrtask > Nua 
for task 4). Subjects who successfully solved the problem 
were classified in category V (N = 17 for task 2, N = 10 
EOretaskes,) N ='16 “fore taske4) 

Tables 5, 6, and 7 tend to suggest that if the 
classification of responses does represent solutions which 
would require increasingly higher levels of organization 
on the part of the subjects, the older subjects used these 
procedures. The younger subjects were classified in the 
lower categories while the older subjects were classified 


in the upper categories. Three three-year-olds and one 


four-year-old did not attempt to do either task 2 or task 4. 


All the children except two three-year-olds attempted to do 
task 3. The results of the performances of task 2 (red A5) 
and task 4 (yellow E4) were very similar. The three-year- 
olds failed to do either task... The only children given 
assistance were two four-year-olds. There was one four- 
year-old on each of the two tasks who gave a correct 


response. On the other hand, on each of these same tasks 
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Procedure Categories 


Table 6 


Distribution of Procedures for the Location 
Problem, of the theatre 
Task 3 (Blue B8) 
(N = 30) 


SOuwin on 


Assisted 
Solution 
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Solution 


N = 12 


M - male 
F - female 
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Table 7 


Distribution of Procedures for the Location 
Problemvot thetTheatre 
aS eee (Yellow E4) 
(N° ="30) 


Assisted 
Solution 


No 
Soditeon 


M - male 
F - female 
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there was one four-year-old who did not attempt to solve 
the problem. The solutions of the five-year-olds and the 
Six>year—-oldsmfell@into sone .of iEwo categories. | sThey 
either had two elements of the triple correct or were 
entirely correct. Three of the five and six-year-old group 
failed to complete task 2 while five of them failed to 
do task 4. All seven-year-olds and eight-year-olds per- 
formed both task 2 and 4 successfully with the exception 
of one eight-year-old who failed to locate red A5, i.e. 
tas ieee 

Task 3 was locating blue B8. More subjects were 
given assistance in performing this task than in task 2 and 
task 4. Subjects ranging in age from three years to six 
years inclusive made correct responses when qdiven assis- 
tance. Task 3)was the only task where a three-year-old 
made a successful response and that occurred when assistance 
was given. In comparing the successful responses of task 3 
with those of tasks 2 and 4, the youngest subjects to locate 
blue B8 (task 3) were five-year-olds while the youngest 
subjects locating red A5 (task 2) and yellow E4 (task 4) 
were four-year-olds. Only one six-year-old located blue B8 
compared to four six-year-olds locating red A5 and three 
six-year-olds locating yellow E4. The seven and eight- 
year-olds made more errors in task 3 than in tasks 2 and 4 
put together. Three errors were made by this age group in 


task 3 compared to one error in tasks 2 and 4 inclusive. 
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Only 10 subjects gave correct responses when performing 
Easkeoecompanredmconiy correctmresponsessonstackm2eandms 
Correct -responseson! task) 4% “anttask® 30 (bluevBs) there 
was a marked difference in the number of correct responses 
between the six-year-olds and the seven-year-olds. Only 
One out of five Six-year-olds found the seat blue B8 
compared to four out of the five seven-year-olds. In the 
other two tasks the increase in correct responses was 
gradual. As age increased the number of correct responses 
increased. 

When considering variance in the responses on the 
three tasks, the seven-year-olds varied the least. All 
but one of the responses were correct. The four-year-olds 
were the age group with the greatest variance in behavior. 
In performing the three location tasks the four-year-olds 
displayed responses that had at least one subject being 
placed in each category. Some four-year-olds would not 
attempt a task while others in the same age group not only 
attempted the task but were correct. 

As in the parking lot problem the subjects used 
what appeared to be counting procedures, matching procedures, 
OLean combination Of both. seine lavyoutsors ne vappabatussiad 
an aisle between the block of seats 1 to 5 and the block 
of seats 6-10. The rows were labelled with letters. Each 
of the three tiers was a different color (see Appendix B). 


Of the children who used what appeared to be a combination 
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of matching and counting, two subjects counted to locate 
the seat then checked the selected position by matching 

the seat to the numerals. A four-year-old who used what 
appearedsto beucounting assher strategy in locating seat 
blue B8 started counting at Al, then proceeded systemati- 


Ga bly tO AS sae lnstead sot 


moving across the ng et ee 
S 
aisle to count the CED Fre 
B Te Se 
6 
i, 
Sixtneseat, the grees EIN 5 8 9 5 


CouncCeotesiociwas 
donewat bl, the, countsoflseven, at 62, ,andsthe count of 
Gight at B3. She ended up in the wrong seat but did 


indicate that she had a notion of how to use a coded triple. 


b. The Selection Problem 

When a subject completed the location tasks of 
the theatre problem, four 'men' had been placed with a 
minimum of one being in its correct place. If this situa- 
tion existed the subject was asked to solve a selection 
problem (see Appendix A for protocol). The selection problem 
with the theatre consisted of the interviewer pointing to a 
correctly placed 'man' and asking the subject to select 
the ticket with the triple which described the 'man's' 
position. 

As in the parking lot selection problem, a number 
of subjects were presented the problem in a manner that 
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of the 30 subjects were presented the selection problem 
according to the protocol. For this reason the responses 
pomanae be interpreted. Five of the nine subjects were 
three-year-olds who did not attempt the problem. The 
remaining four subjects were in the age range of four to 
Six. No seven-year-olds and no eight-year-olds were 
presented the selection problem according to protocol. 
The protocol for the selection problem in the longitudinal 
sampling has been followed. Therefore a discussion of the 
procedures used in making a selection while using the 
theatre apparatus will be discussed in a later section. 
Cue COmparison between the Location 
and@selection of a Triple 

Because the data on the selection section of the 
theatre was not interpreted for the reason previously 
Sta ced, i. ee,  cller DLOLOCOl was not, Lol lowed salts tOLLOWS 
that there can be no comparison of behaviors on the locating 
of a triple on the theatre with that of selecting a ticket 


which describes a specified seat. 


Seculonms ac Ompallsous 
a. The Comparison of the Location Problems 


In the parking lot situation the sampling had been 
presented tasks of locating a position in two-dimensional 
Space using a number pair such as (4,3). As the subjects 
worked on the problems they had to keep in mind that the 


first numeral of the pair indicated the horizontal direction 
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and the second numeral indicated the vertical direction. 
thestheatre situationminvolycdataskssotelocating alseating 
position in three-dimensional space using a triple com- 
prised of color, letter and number, such as yellow B8. 

The subjects had to remember that the color of the 
lettering referred to the tier, the letter referred to 

the row, and that the numeral referred to a seat in any 
given row. 

The responses of the subjects have been classified 
into three categories: 

I. The response was correct. 
II. The response was correct but made with assistance 
from the interviewer. 
III. The response was incorrect. 

According to the protocols two location tasks were 
to be done following the instructional task in the parking 
lot problem and three were to be done in the theatre 
problem. The parking lot had 10 subjects in each age group 
attempting to solve the problem whereas the theatre had 
five viene. in each age group. For these reasons the 
responses have been recorded as percentages to enable a 
comparison. Category II has been included because assis- 
tance was given in several instances even though the 
jere(eisleyeel @skel iqfene: fef-Ublh Gmebe shay, 

Examining the percentage of the correct responses, 


the three-year-olds had no successful responses in either 
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problem. The four-year-olds had 10 percent of the responses 
correct in the parking lot and 13 percent correct responses 
in the theatre. The performance for this age level-is very 
Similar whether the subjects were using a number pair or a 
coded triple. The five-year-olds had the largest variance 
in the percentage of correct responses. Twenty-five per- 
cent of the responses were correct in the parking lot 

while 47 percent were correct in the theatre. The eight- 
year-old group performed the parking lot tasks perfectly. 
Their performance on the theatre tasks dropped to an 80 per- 
cent rate of success. 

In the parking lot problem where the subjects were 
uSing a number pair in two-dimensional space to solve the 
problem the number of correct responses increased as the 
age of the subjects increased. This same tendency 
occurred in the theatre problem with the exception being 
the eight-year-olds. Subjects working with a triple in 
three-dimensional space met with success more frequently 
as age increased. 

Table 8»does not indicate, that the subjects per- 
formed better on one task than the other. Number pair 
tasks in two-dimensional space tend to be developmental 


as do the coded triple tasks in three-dimensional space. 


b. Comparison of the Selection Tasks 
A comparison of the selection tasks on the parking 


lot and theatre was not done because there were not 
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sufficient data on the theatre selection task for reasons 


stated in section 2b. 


Section 4. Verbalizations 

Thus far the analysis of the data has revealed 
that the majority of the students interacted freely with 
the apparatus. Some of the children in the sample made 
spontaneous verbalizations while attempting to solve 
the problems. Some of these verbalizations, such as 
counting, appeared to be closely related to the tasks. 
It will be recalled that the subjects were asked questions 
pertaining to the problems. The responses to such 
questions have not been included, only the subjects' 
spontaneous verbalizations are discussed. 

Table 9 gives the number of subjects in each age 
group who made some form of verbalization during the 
parking lot and the theatre problems. The table reveals 


that 32 out of 60 subjects spoke while attempting to solve 


Table 9 


Number of Subjects Verbalizing 


Age Level 


Task 3 4 5 6 bh 8 


Parking Lot (N = 60) 4 5 ¥ 5 6 5 
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the parking lot problems while 24 out of 30 subjects spoke 
when attempting to solve the theatre problem. It also 
shows that more subjects at the five-year-old level made 
verbalizations than at any other age level. 

It appears from the table that a greater proportion 
of subjects verbalized during the theatre problem than 
during the parking lot problem. Of the 30 subjects who 
performed only the parking lot problem nine did not 
verbalize. Thirty subjects attempted both the parking 
lot and the theatre problems and only six of them made no 
verbalizations. 

All the observed verbalizations in the parking 
lot and the theatre problems were classified into five 
categories. They were the following: 

aw="ASkKing= Lorn clarification orsrepetition of 

the question. 

b. Repetition of the question. 

c. Comments pertaining to the task or the 

material (e.g. counting). 

ds'*Nonverbal*sounds (ecg. *car* noses,” sighs). 

em Comments nots percalning adimecciy, Lorthe 

task. 

Examples of the different categories reveal the 
type of verbalizations the subjects made while they engaged 
in the tasks. Some subjects asked questions pertaining to 


a task. In asking for clarification in the location tasks 
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of either the parking lot problem or the theatre problem, 
the children asked questions like "This one?", "Where to?", 
"Which one goes first?", "Where does it tell you?". When 
the subject repeated the question to himself he would make 
comments like "Three and a four. I have to find a three 
and a four." Most of the verbalizations made by the sub- 
jects while performing either the parking lot tasks or the 
theatre tasks fell into category c—comments pertaining to 
the task. 

When working on the parking lot, subjects would 
verbalize the numeral of the ordered pair on which 
they appeared to be concentrating. One example would 
be, while working on task (2,5), the audible comment "Two," 
then the subject would move the car to row 2, followed 
by the audible comment "Five" and the moving of the car 
to the fifth space in the second row. Subjects would 
count the spaces as they moved the car down the selected 
row. As in the parking lot problem most of the comments 
made in the theatre problem pertained to the task. The 
subjects tended to verbalize the element of the triple 
on which they were concentrating. YOU HOW pies Fee Ol tee 
would be verbalized as they attempted to find the appropri- 
ate seating place. 

Some of the irrelevant comments made were: 
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"I'm parked backwards." 

"That man is wearing a hat." 

ethate! stasbpodge.. 

Table 10 shows the frequency for the five cate- 
gories of verbalizations. It reveals that verbalizations 
involving comments pertaining to the tasks occurred more 
often than any other form of verbalizations. Comments 
pertaining to the task were most common in the location 
problems of the theatre. However it was in the location 
tasks of the parking lot problem where most of the counting 
was done. Audible counting did not occur as often as one 
might expect. Most of the counting done was inaudible 
but implied by lip and hand movements of the subjects 
during the completion of the tasks. Only one subject, 

a six-year-old, counted audibly the number of spaces as 
he moved down the row, then overtly checked his position 
by moving his hand down the column to the numerical 


markings on the grid. 


Table 10 


Frequencies for the Five Verbalizations Categories 


Verbalization Category 


Problem a b c d e 
Parking Lot (N = 60) 19 9 38 ea 10 
Theatre (N = 30) 12 1 24 6 9 

Total Bl 10 62 a | 19 
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The next highest frequency for a verbalization 
category was category a. Comments pertaining to the 
clarification of the problem were made most fequently 
by the five-year-olds. The parking lot:problem generated 
a significantly higher frequency of nonverbal sounds than 
the theatre problem which is not surprising because the 
children were driving cars in the parking lot problem 
and placing people in the theatre problem. 

The data revealed that the majority of the 
subjects not only interacted freely with the apparatus 
but that they also felt at ease while doing so. This 
was evident by their many spontaneous verbalizations 
while attempting to solve the various tasks. 

The results of the investigation have shown that 
most subjects exhibited some form of free verbalization. 
The theatre group problem appeared to have a larger 
proportion of subjects verbalizing than the parking lot 
problem but one more task was done. It was noted that 
the five-year-olds vocalized a greater number of times 
than any other group. The frequency of verbalizations 
in each age range revealed that the three-year-olds were 
the least vocal. 

The selection task of both the parking lot problem 
and the theatre problem did not encourage verbalizations. 
Teeaescubjvectesaid anything sit wouldsbe sani ssone ssase the 


selection was made. The majority of subjects in both 
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problems made no comment as they made their selection. 


PART II. THE LONGITUDINAL SAMPLING 


For the longitudinal sampling theoretically 
the distribution of the problem sets provided for five 
subjects at each age level to be given the parking lot 
problem and 10 subjects in each age group to be given 
the theatre problem. Twelve of the original subjects 
did not participate in this phase of the investigation 
thus reducing the number of subjects in each age group, 
except age seven, who attempted the problems in 1975 
(see Appendix D). In order to check the validity of 
the procedures and behaviors identified in the analysis 
of the cross-sectional data, the analysis of the 
behaviors for the longitudinal data is treated in the 


same Manner. 


Section ls" The Parking Lot 


a oetne Location Problems 


Twenty-four of the 60 subjects who attempted the 
parking lot problem in 1974 were again given the problem 
in the longitudinal sampling. The procedures employed 
by the subjects in attempting to solve the location 
tasks were observed to be the same as those used in the 


cross-sectional sampling. Therefore these procedures 
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have been classified according to the same categories (see 
page 40). 

For the longitudinal sampling a change of emphasis 
was made. However, this did not require a change in 
the procedure classifications. Whereas the subjects were 
assisted in more than the first task in the cross-sectional 
interview, they were not given assistance after the first 
car was parked in the longitudinal sampling. A subject 
who may have been classified in category IV, the category 
where a correct response was made with the assistance of 
the interviewer in the cross-sectional sampling, now 
would be classified in any one of the remaining categories 
depending on his solution. In the longitudinal study for 
task 2 and 3, category IV would be expected to be an 
unused category. As in the cross-sectional sampling a 
table of the distribution of the solution categories for 
task 1 has not been included because task 1 was an instruc- 
tional task. The distribution of the procedures used in 
the cross-sectional and the longitudinal study is given 
TiielabDlemlme tor taskeeeand lable 2mLor tacktes. 

The overall distribution remained unchanged 
although fewer subjects attempted the task in 1975. In 
the longitudinal sampling the proportion of successful 
solutions has increased but this is to be expected as 
there were fewer younger subjects and more older subjects. 


In the longitudinal sampling no four-year-olds were 
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successful in performing task 2 or task 3 whereas two 
four-year-olds gave correct solutions to the third task 
in the cross-sectional sampling. The five-year-olds in 
the longitudinal sampling markedly improved in their 
performance with at least half of the subjects completing 
both task 2 and 3 successfully compared to one out of 

ten and three out of ten respectively in the five-year- 
old group of the previous year. In the 1975 sampling 

the six-year-olds were inconsistent in their performance. 
Locating the number pair (2,5) was completed successfully 
by all the subjects in this age group while task 3, 
locating the number pair (8,6), was correctly located by 
only one six-year-old. 

There was not such a wide variance of successful 
performance between task 2 and task 3 in the cross- 
sectional sampling, yet, like the longitudinal sampling, 
the six-year-olds performed better on task 2 than on 
task 3. Mastery of the tasks occurred with the children 
who were seven and older in both the cross-sectional 
sampling and the longitudinal sampling. The age of the 
youngest child to make a correct response was four years 
in the cross-sectional sampling and five years in the 
longitudinal one. In both samplings the oldest subjects 
to make incorrect responses were the six-year-olds. A 


six-year-old in the cross-sectional sampling and a five- 
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year-old in the longitudinal sampling were the oldest 
subjects who made no attempt to solve the problem. The 
greatest change in behavior occurred between the six and 
Sseven—vear—Oldssin. both samplings. ~inathe, longitudinal 
sampling the performance of the six-year-old group is 
noteworthy. In performing task 2, which is locating 
(2,5), all were correct. In contrast only one was 
COrrectain, |oOcating (6,6) i1netask 5. inebotn =theycross— 
sectional sampling and the longitudinal sampling the 
proportion of correct responses in task 2 increased as 
age increased. This occurred also in the cross-sectional 
sampling in task 3. Task 3 of the longitudinal sampling 
was completed more successfully by the five-year-olds 
than the six-year-olds. Three out of four five-year-olds 
located (8,6) whereas only one out of four six-year-olds 
did the same. 

In the longitudinal sampling, the strategies 
employed by the subjects were observed to be the same as 
those used in the cross-sectional sampling. It was 
observed in the cross-sectional sampling that most subjects 
used what appeared to be the strategy of counting or 
matching the first element of the number pair to the row 
axis. Once the row axis was selected the subject would 
count the number of spaces corresponding to the second 
element of the number pair. However in the longitudinal 


sampling the strategy most frequently used was what appeared 
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to be matching for each element of the number pair. The 
subject would match the first element of the number pair 
with the row axis and the second element with the column 
axis, moving from the column axis, over the rows until the 
intersecting space was found. Another matching strategy 
employed was such that the subject surveyed the parking 
lot with his eyes and then placed the car in the appropri- 


ate place. 


b. The Selection Problem 

As in the cross-sectional sampling, after completing 
the location of three number pairs on the parking lot, each 
subject was asked to solve a selection problem if there was 
atwleast one car parked correctly. Lteshould) be noted that 
the car parked in the instructional task is considered even 
though the data have not been included in this study for 
reasons previously stated. The selection task consisted of 
the interviewer pointing to a correctly parked car and 
asking the subject to select the ticket with the number 
pair which described the car's position. 

The procedure categories employed by the 24 subjects 
attempting to solve the selection task were observed to be 
the same as those used in the cross-sectional sampling. 

The observed procedures of the longitudinal sampling have 
been classified according to the same categories (see page 
49). Table 13 shows the distribution of procedures utilized 


by the 24 subjects who were presented the selection problem. 
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Each subject has been classified as belonging to one of 
the three categories according to the procedure used. The 
distribution of the solution procedures employed in the 
Gross=sectionalesampling iswalsotgavensineTabler!3. 

The overall distribution remained unchanged even 
though fewer subjects attempted the task in 1975. The 
proportion of successful selections increased in the 
longitudinal sampling. Fifteen of the 24 subjects in the 
longitudinal sampling made correct selections whereas 20 
of the 41 subjects in the cross-sectional sampling were 
successful. In the longitudinal sampling no four-year-olds 
attempted a solution. Three of the five four-year-olds 
in the cross-sectional sampling attempted a solution with 
one of them being successful. The proportion of successful 
performances increased as age increased with two exceptions: 
the six-year-olds in the cross-sectional sampling and 
the seven-year-olds in the longitudinal sampling. 

In examining the location performances of the 
subjects who made correct selections in the cross-sectional 
sampling and the longitudinal sampling, it was observed 
that at the age of seven subjects completed all the location 
tasks and selection tasks successfully. The variant 
behaviors occurred in the younger age groups. In the longi- 
tudinal sampling one age group was successful in the 
selection problem but was not successful in both location 


tasks. This was the six-year-old group. All the six-year- 
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Olds who made correct selections were able to park the car 
in space (2,5), but were unable to park the car in space 
(8,6). The five-year-olds in the same sampling who could 
make a correct selection could also park the cars correctly 
Pie OOcMTetaskec andetask 3. 

In the cross-sectional sampling (1974) there was a 
larger number of young subjects who made correct selections. 
This was expected because there were more younger partici- 
pants in the cross-sectional sampling. They were also 
given more assistance in completing the location tasks. Of 
the four-year-olds and five-year-olds who made correct 
selections, they completed only one of the two location 
tasks successfully. 

The six-year-olds performed differently in the 
cross-sectional sampling compared to the longitudinal 
sampling. In the cross-sectional sampling the six- 
year-olds who completed the selection task successfully, 
also completed correctly both of the location tasks. 

In the longitudinal sampling, the six-year-olds who 

made a correct selection were successful only on the first 
location task. The last location task was using number 
pare (87 o)ee in the longi tudinal samplingeall theesixsyveare 
olds selected row eight but made an error in locating 

space six. All the subjects in this age group used a 
matching process in locating the second element of the 


number pair (8,6) and were not accurate in tracing the path 
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from the column axis to row eight. 
c. Comparison between the Location and 
Selection of a Number Pair 

A comparison of the solution results for the loca- 
tion tasks and selection problem should reveal whether the 
subjects in the sample were as successful with the tasks 
involving one process as with those involving the other. 
As in the cross-sectional examination, a table of distribu- 
tions has been devised to record the correct responses of 
the twenty-four subjects who performed both the location 
and selection tasks in the parking lot problem. These 
results are given in Table 14. 

in’ the, longitudinal sampling, according /to, proto— 
col, the subject was not presented the selection problem 
unless at least one location task had been completed 
correctly. No four-year-olds were successful in the loca- 
tion tasks and therefore did not do the selection problem. 
Three of the four five-year-olds completed at least one of 
the location tasks. These five-year-olds were all success- 
ful in locating (8,6). Two of the three that were eligible 
forsticwselecrionstaskadidmthe tasmecOlLLectLy su Lnaticmsax— 
year-old group all four participants performed task 2 
correctly=but only one was correct’ in task 3." Three of the 
four six-year-olds made correct selections. All the seven- 
year-olds did both location problems correctly. Errors 


were made in the selection problem. Twenty percent of the 
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Table 14 


DiStribuelonseoreSolutioncetons Parking Lot Tacke- 
Longitudinal Sampling 
(N = 24) 


Subject 


L -—- Location Problem 


[ |- empty space: the correctly parked car was placed 
in the instructional task 


2e-—=solutton €or taskeZ 
Se=—wSOLUCION Lor taskesc 

Se oeltececron. LTask 
Y - solution for selection task 


TA - Task Abandoned 
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selection responses were incorrect. All eight-year-olds 
and all nine-year-olds completed both the location 

and the selection problem without error. As age increased 
the proportion of correct responses increased indicating 
that the ability to solve problems improves as age 


increases when observing children. 


Section 2. The Theatre 
a. Location Problem 

Of the 48 children who attempted the theatre prob- 
lem in the longitudinal sampling, 30 had been given the 
problem in the cross-sectional sampling (see Appendix D). 
The location problem in the theatre consisted of four tasks 
involving the use of a coded triple. The subjects were 
presented a 'man' to place and a ticket designating his 
seating space. The ticket was coded with color, letter 
and number. The color of the ticket designated the tier, 
the letter stated the row and the number indicated the 
seat (see Appendix A for protocol). 

As in the parking lot problem, the longitudinal 
study (1975) of the theatre problem had the revision that 
the subjects would not be assisted by the interviewer 
after peucorming the initials locationstask st husesiaghe 
revision of the protocol did not necessitate any change 
in the procedure categories (see page 56). The distribu- 
tions of the procedures employed by the subjects in the 


cross-sectional and in the longitudinal sampling are given 
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inetable 15 for taske2) alable 6G toritask 3, and Mable 17 
TOrpetask 4. 

Duestoethe modisication in the protocol” of no 
assistance being given after the initial location task, 
category IV would be expected to be an empty category in 
the longitudinal sampling (1975). The subjects who made 
incorrect responses on the various location tasks have been 
placed in categories I, II or III. Those who made correct 
responses to the location tasks in the theatre problem have 
been placed in category V. The proportion of successful 
solutions is greater for the longitudinal sampling (36/48 
EOGmCaSia2)e 2/)/4 Ot OGE taske oy) o.)/ 4omLOrmeack) 4)athanettears 
fOreachne=cross-sectional sampling ((17/30) tor task 277310730 
fOr stack. 3, 16/30.tor task 4)". When thestotal numberror 
correct solutions is compared to the number of subjects who 
performed the tasks, it is noted that 65 percent of the 
longitudinal tasks were performed correctly while only 48 
percent of the cross-sectional tasks were correct. This 
was expected, as has been previously stated, because there 
were no three-year-olds in the longitudinal sampling and 
there were more older subjects. 

In comparing the results of the cross-sectional 
sampling and the longitudinal sampling it was observed that 
the subjects at the same age level behaved in a similar 
manner in the two studies. The subjects who were four and 


older met with a degree of success in locating the triples. 


7 a Angi 7 4 


Po , 
_ 


e : 7 oe) 
on 2a) usotg- Ss iy Hs anise = ait weet ‘ 


es ed ae 
“.% eer ,(4r.°) wip ze us punted oT = zee 
-” t. 
me ¥ > 9 ia! @- og Bee —_ os bl fl woe ‘aa oye 


7 
‘ woos » ne rer) uilereda Iontousapaot oT Ps 
J zx & - A ; 2412. Pi ont =) aor e241 
7 ; : 
eT ee . ; ~w» G2 ,) sed eeedoo 4F Boned 
; wll’ - tees atu See ef oe aia 
- ; 
7 ; 3 iz eo" Spor » ast nal ae 4 
7 i oe an x 
jguioi. an oe? ay 2) anottulos 
iy a - 
] { wa. % os y | oA; be ut >» asd 2 
é 2 iP m eee ee | eds, te 7 
ef ; ae 
j * af icf y 54 970% oJ E'. slaeeaeal = 
I 7 
ofan mae 
mat @€75 | ee e4° t eo 0GRo> Pz w% ote foo = igh 
7 &> toes Geoar & » 066Ra2 oy mnates qa 
i 
L é Vastea a3 “erat — py aapad fen otkenol 
é 7 


aris 


87 


eTeueg - g 
STeW - W 


Teutpnyztbuoyt TeRUOTIOSS-SSOID 
(SW ped) c ASeL 
erlzeSeUL 24 FO SWeTGoOIg 
uoOT}eEOOT 3 AOFZ SOANpPSdOAG JO uoTANqATAASTAC 


ST 9TAPL 


eTeuse 7 
OTeW 


SeTIObs ze) sANnpso0Ig 


in 


Le : 


n | 2 


ine 


a 


- 
7. 


| 


88 


oTeueq - J 
STEW - W 


CUSN 
“T9S 
ON 


Teutpny7tbuoy Teuotjzoes-ssolig 
(8d eENTd) € YAseL 
orT,esUL S44 JO swetTqorg 
UOTFEOOT SY AOJ SeANpadorg FO uoTtA4nqtaystaq 


9T 9TOeL 


eTewegq - 


d 


STEW - W 


=I 
= 


HH 
HH 
KH 


> 
H 


Sotitobe4e9 sanpss0irig 


89 


eTeweg - ¥ 
STEW - W 


obw aby 


TeutTpnyztbuo7q TeuoT OeS-ssoIg 
(vd MOTTSA) FF 3SeL 
SizeeUL 24} FO sweTqorg 
uoT}eOOT OY} ATOZ SOANpsedorg FO uoTynqtazyAsta 


oA SMES RENE 


oTeus J 
eTeW 


setzo0be4e9 sanpso0ig 


aide 
| ~ _ nae > 
—iite 001 -CtF 168. Saayos2erF, 30 nce 


= 


- ~ seenett oils 45 wacker? 


Ths wolfer) 3. ¢ss 


The number of correct locations increased as the age of the 
subjects increased. In the cross-sectional sampling one 
four-year-old performed the location tasks of Red A5 and 
Yellow E4 correctly. In the longitudinal sampling the 
correct responses made by the four-year-olds were on task 
2—Red A5. The performance of the five-year-olds was 
consistent in the two samplings. In each sampling about 
half of the subjects performed each of the location tasks 
correctly. The performance of the six-year-olds was 
better in the longitudinal study than in the cross- 
sectional sampling. Two-thirds of the responses were 
correct for the six-year-olds when engaged in the location 
tasks in the longitudinal sampling compared to about half 
in the cross-sectional sampling. The seven-year-olds, 
eight-year-olds and nine-year-olds performed all the 
location tasks with near perfection. 

For both the cross-sectional sampling and the 
longitudinal sampling task 3—Blue B8 was the task with the 
fewest correct responses. The five-year-olds were the 
youngest age group to correctly locate Blue B8. The 
youngest subjects to perform successfully on the other two 
tasks were four years old with one exception. In the 
longitudinal sampling no four-year-olds located Yellow E4. 
In each of the age categories having correct responses, 
the number of correct responses in task 3—Blue B8 was 


either the same as in the other location tasks or fewer. 
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Not one age group performed better on task 3 than on the 
other two location tasks. At least half of the errors made 
in the location problems of the theatre in both the cross- 
sectional and longitudinal sampling were category III type 
errors. The subjects who were five and older had two of 
the three yelements in the triple correct. In the longi- 
tudinal study the four-year-olds attempted the location 
problems but were only successful in locating Red A5. In 
contrast to the subjects of five years and older, they 
INade mostly category II. type errors. Of the 12 category II 
type errors in the longitudinal sampling, the four-year-olds 
made nine. The four-year-olds were the age group with the 
greatest variance in behavior in both samplings. Their 
behavior ranged from having one element of the triple 
correct to having the correct location with all elements 
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b. The Selection Problem 

As in the cross-sectional sampling, after the com- 
pletion of the location problem each subject was asked to 
solve a selection problem if the requirements were met. 
The protocol stated that at least one man had to be 
correctly seated whether it was placed by the subject in 
completing the location tasks or by the interviewer in 
thesinstructional task, i.e.,.task lo peltewil ls besrecalied 
that the selection problem with the theatre consisted of the 


interviewer pointing to a correctly placed 'man' and asking 
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the subject to select the ticket with the triple describing 
his position (see Appendix A for protocol). 

As in the selection problem in the cross-sectional 
sampling, some subjects were presented the task in a manner 
whichsdid=not follow the protocol. =In the longitudinal 
sampling 43 of the 48 subjects who were presented the 
theatre grid problem were presented the selection problem 
according to protocol. The observed solution procedures 
were categorized as follows: 

Weel ne subject. didunot ratecmpLmtnes tasksorm thes cask 
is abandoned. 
II. The subject chose the incorrect ticket. 
III. The subject chose the correct ticket. 


Table 18 shows the distribution of procedures used 


by the 43 subjects who were presented the selection problem. 


Each subject has been classified as belonging to one of the 
three categories. This table does not include the results 
of the selection problem in the cross-sectional sampling 
because there was not sufficient data to enable interpreta- 
Eton. 

Of the 43 subjects in the longitudinal sampling 
who attempted the selection problem, 35 made a correct 
selection. Each age group had some subjects that were 
successful. The older age groups had a larger proportion 
of successful subjects than the younger age groups. Two 


out of five four-year-olds made correct selections. This 
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Procedure Categories 


Table 18 


Distribution of sProcedures sLonethnes selection 
Problem of the Theatre—Longitudinal 
(Ne =n4 3) 


Soluevon 
Nes 5 


No 
Solution 


* Protocol was abandoned in five cases. 
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age group was the only one which made an incorrect response 
as in the other age groups the responses were either correct 
or the task was abandoned. Of the seven five-year-olds, 
four made correct selections. In each of the age groups 
from six to nine inclusive all but two selections were 
Correct. = [hemtwo selectionsmewhicn didenog talisinto 
category III were category I responses. The task was 
abandoned in these instances. The reason for this was two- 
fold. The protocol stated that if there was no 'man' 
seated correctly the task was to be abandoned. The task 
was also to be abandoned if the only 'man' correctly 
placed was in Red A5 and there was no other 'man' on the 
red level. 
¢. Comparison between the Location and 
Selection of a Coded Triple 

A comparison of the solution results for the two 
major problems should reveal whether the subjects were as 
successful with the tasks involving one process as with 
those involving the other. A table of distributions has 
been devised to record the correct responses of the 48 
subjects who performed both the location and selection 
problems inthe theatre. These results are given in Table 19. 

As in the cross-sectional sampling the subject was 
not to be presented the selection problem unless the require- 
ments concerning the location tasks were met. Five of the 


seven four-year-olds completed only the second location task 
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Table 19 


Distributions of Solutions for Theatre Tasks 


(N = 48) 


Location Problem 


2 - location task 2 was correct 
3 - location task 3 was correct 
4 - location task 4 was correct 


Selection Problem 
¥Y - selection task correct 


Task abandoned 
Protocol abandoned 
Technical difficulties 


23,4 
23,4 
23,4 
23,4) v 
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successtully, "t.e., Rea Ab. "Of these’ fivertwo made 
correct selections. No four-year-old located Blue B8 or 
Yellow E4. Unlike the four-year-olds, the five-year-olds 
Were most esuccesstul ins locating svellow £4, the touretn 

and final task. Each of the four five-year-olds who 
located Yellow E4 also made a correct selection. This 

age group was the youngest one to have subjects do all 
location tasks plus*the Selection task correctly. Three of 
the four five-year-olds who made some correct responses, 
were correct in all location tasks and the selection task. 
All of the six-year-olds completed at least one location 
task plus the selection task successfully. Two of the nine 
in this age group completed all tasks successfully. One 
seven-year-old did all the location tasks incorrectly. 
Therefore the selection task was abandoned. Four seven- 
year-olds completed both location and selection parts of 
the theatre problem correctly. The remaining five subjects 
in this age group completed a minimum of one location task 
correctly. The performance of one eight-year-old was not 
recorded due to technical problems. The remaining eight 
eight-year-olds completed a minimum of two location tasks. 
Er eeOLetie e1ght performed’ alleaspectsror, the theatre 
DLODlemecOrrecctl y= OnemsuDJeCtalietiicunanc—vyean—Old 

group made an error in a location task. Five of the six 
nine-year-olds had a totally successful performance. 


There is the least variability in performance in the older 
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age groups. The five-year-olds had the most variant 
behavior for this problem. Their behaviors ranged from 
having no aspect of the problem correct to having all 


location tasks done correctly plus the selection task. 


Section 3. Comparison 


a. Comparison of the Location Problems 
of the Longitudinal Sampling 


As was previously stated in the discussion of 
the cross-sectional sampling, the location tasks in the 
parking lot problem involve using a number pair in two- 
dimensional space. In the theatre problem a triple con- 
sisting of color, letter and number was used to locate a 
position in three-dimensional space. 

In the longitudinal sampling 24 subjects did the 
parking lot problem and 48 did the theatre problem. The 
number of subjects who performed in each age group varies 
because not all those in the cross-sectional sampling 
returned to do the problems in the longitudinal sampling. 
For these reasons the total number of correct responses for 
the two locations tasks in the parking lot problem have 
been combined for each age group and recorded as percent- 
ages. The same treatment was given to the three location 
tasks in the theatre situation.. Because no additional 
assistance was given the responses were classified either 
as correct or incorrect. The percentage of correct 


responses in each age group is given in the following table: 
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Table 20 


Percentage of Correct Responses 
in Location Problems 


Age 

Supuatcion 4 5 6 7, 8 9 
Parw ngeLot 0 6255 625 100 100 100 
Theatre 24 43 67 3} 89 89 


Examining the percentage of correct responses, the 
four-year-olds were the only ones who performed better on 
the location problems of the theatre. The proportion of 
correct responses for the six-year-olds was about the same 
in the location tasks of the two problems. The five-year- 
Olds and the seven years and older age groups performed 
better on the parking lot problem. [In the longitudinal 
sampling, with the exception of the four-year-old group, 
it appears that the subjects were more successful with the 
number pair in two-dimensional space than with the code 


triple in three-dimensional space. 


b. Comparison of the Selection Problems 
of the Longitudinal Sampling 


Tnebothe the patkingulotwandstncmtheatrems 1 tation 
of the longitudinal sampling, the selection problem was 
not done unless at least one location task was done 
correctly according to the protocol. 

In the longitudinal sampling 24 subjects were 


presented the parking lot problem and 48 subjects were 
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presented the theatre problem. The number of correct res- 
ponses have been converted to percentages to enable a 
comparison of responses. In converting the proportion of 
correct responses in each age group to percentages the 


following ratio was used: 


the number of correct responses in the age group 
the total number in the age who were presented 
task¥accordinge tomprotoco. * 


*Protocol was abandoned in five cases of the selection 
problem in the theatre situation. 


The results of the correct responses on the two 


problems can be seen in the following table: 


Table 21 


Percentage of Correct Responses in the 
Selection Problems (Longitudinal) 


Age 

Se tiatton 4 5 6 2 8 9 
Parking Lot 0 50 75 60 100 100 
Theatre 50 Si 100 Biro 100 100 


On the whole the selection task in the theatre 
problem had a larger proportion of correct responses than 


the parking lot selection task. Each of the age groups 


from four to seven years had a larger proportion of correct 


responses in the selection task of the theatre than’ in the 
parking lot. All eight and nine-year-olds completed both 
selection tasks successfully. In both the problems the 


six-year-old group performed better than its adjacent age 
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groups. There was a marked increase in the proportion of 
correct responses between the five and six-year-old group. 
The proportion of correct responses in the six-year-old 
group was slightly greater than the seven-year-old group. 
bnvevery casemthewselection=task orethe=varking, lot was 
abandoned in the four-year-old group. Their performance 
on the theatre selection task markedly improved as 50 per- 
cent of the four-year-olds made correct selections. 
Overall the performance on the theatre selection task was 
better than the parking lot selection as was indicated by 


the proportion of correct responses. 


Section 4. Verbalizations 

Verbalizations were again studied in the longitu- 
dinal data in order to compare the types and frequencies 
with those of the cross-sectional sampling. Analysis of 
the first sampling revealed that the subjects exhibited 
Many spontaneous verbalizations while attempting to solve 
the various tasks. Examination of the data given in 
Table 22 below revealed that the proportion of subjects 


exhibiting verbalizations during the longitudinal data 


100 


collection was greater than in the cross-sectional sampling. 


Thirty-five out of the 48 subjects made comments while 
attempting the tasks in the longitudinal sampling while 


only 32 out of 60 made comments in the first sampling. 
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Table 22 


Number of Subjects Verbalizing 


Age Level 
Task 4 5 6 1 8 9 
Parking Lot (N = 24) 4 4 2 5 4 iu 
Theatre (N = 48) 5 6 a 8 5 4 


In the longitudinal sampling the nine-year-olds did 
not exhibit many verbalizations but the seven-year-olds did. 
The frequency of verbalizations expressed by the subjects 
in these age groups did not appear to depend as much on 
age as on the sample. 

Table 23 gives the frequencies for the five cate- 
gories of verbalizations exhibited by the subjects in the 
longitudinal sample. The findings in the longitudinal 
sampling were similar to those of the cross-sectional 
sampling. Verbalizations involving comments pertaining 
to the tasks occurred more often than any other form of 
VeGbali zations. in contrast. to sthesstudyeorm lLI/o,mcie 
longitudinal sampling had as its second most frequently 
used category, category b versus category a in the cross- 
sectional study. In the cross-sectional sampling category 
b—the repetition of the question—was the least used 
Category. In the longitudinal sampling subjects frequently 


verbalized the aspect of the task on which they were 


. Ge. ee as i 
ee) ae 4 


pene 


— . 


ooo 7 e— 


bit: Si s-shoy Gard ots qa qaae 

5.» Cie Nanre: cee pile jisd Linzconslaines when # 

crmpchin cle ee haeesee) avebeest tetany Ro. socal 

0 cam ae Bawgab ot wnage ron SiS RqMD Ty whe CReeT we 

_ wbanee ett ane * 

gous. wat e648 a0 aprtandfng? eee calalene efsiat ae 

gts ad icagde of 4) Desdlears wrcsomna tees 30 

bedites iyarnd o*7 a paki <6 @lare — 
lade 2o*e-Wepee #8 38 wecet a? telinie eto t 

pieeadres ‘sda AbViove: andntasulediey “”s ras 

ve orca ibn oh nauk’ nade, ven hanes Maen E 

ata: Ody 48 Yhise ett on Ha seene HF ‘geotsds) 


a 
— 
_ 
5 


: 
yo 
as 


102 


Table 23 


Frequencies for the Five Verbalization Categories 


Verbalization Category 


Problem a b cS d e 


Parking Lot (N = 24) 2 8 19 5 alt 

Theatre (N = 48) 4 2m Stil =) 4 
Total 6 PS) 5C 8 5) 

a - Asking for clarification or repetition of the question. 

b - Repetition of question to self. 

c - Comments pertaining to task or material (e.g., counting). 

d - Nonverbal sounds (car noises, sighs). 

e - Comments not pertaining directly to problem. 
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concentrating, especially when working with the theatre. 
The ‘parking lot problem still elicited the most animated 
noises. There was a decrease from the cross-sectional 
data in the number of subjects asking for clarification 
of the problem. This decrease can be explained in part 
by the demonstration given by the interviewer before the 
tasks were attempted. The subjects were encouraged to 
watch and listen to the demonstration. Even though it 
was not expressed, the subjects had prior experience with 
the apparatus and tasks involved. 

There were very few irrelevant comments made in 
the longitudinal sampling. When the children attempted 
the tasks the first time, the laboratory set-up, which was 
unfamiliar, may have prompted them to exhibit this 
behavior more often. 

As had been observed in the first sampling, audible 
counting was not too evident in the longitudinal sampling. 
It appeared that most younger subjects in the parking lot 
problem did inaudible counting as indicated by lip and 
hand movements. Only two five-year-olds and one six-year- 
old overtly counted. 

All verbalizations examined were exhibited by the 
subjects while attempting to solve the problems. Even 
though the frequency of verbalizations was higher in the 
longitudinal sampling, the comments made were usually 


pertinent to the task and very brief—usually one word 
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or a short phrase. None of the subjects indicated that 
they remembered the problems from the previous year. 

PART IT. COMPARTSONSOESTHE. DATA OFLTHE 

CROSS-SECTIONAL SAMPLING AND 
THE LONGITUDINAL SAMPLING 

In 1974 when the first phase of the investigation 
in non-verbal problem-solving was conducted, there were 
30 subjects who did both the parking lot problem and the 
theatre problem. These subjects ranged in age from three- 
year-olds to eight-year-olds. The following year the 
second phase of the study was conducted with 24 of the 30 
subjects returning to do both the parking lot problem and 
the theatre problem. These subjects were then in the age 
Fange. of four’ to nine years. PThe distributtoneot the 
solutions for the 24 subjects who attempted the parking 
lot problems and the theatre problems in both samplings 
is given in Table 24. Comparing the performance of the 
cross-sectional sampling and the longitudinal sampling it 
was observed that for the younger subjects the location 
tasks in the theatre problem were the first tasks per- 
formed with a degree of success. The location tasks in 
the theatre problem involved working with a coded triple 
in three-dimensional space. The triple consisted of a 
code written with color designating one of the three 
tiers, a letter telling the row in which the seating place 


is to be found, and a number which gave the seat. In 
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Table 24 


Distribution of Solutions for Subjects who 
Attempted Parking Lot and Theatre Problems 
in Both Samplings 


Subject 


solution 

Parking Lot Location 
Parking Lot Selection 
Theatre Location 
Theatre Selection 
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contrast theslocationstasks ofstherparking sloteproblem 
involved tasks using a number pair in two-dimensional 
Space. The number pair consisted of two numerals. The 
first designated the row in which the car was to be parked 
and the second numeral gave the parking space. 

The developmental trend in problem-solving was in 
evidence when the performance of the subjects who attempted 
the parking lot problem and the theatre problem in both 
samplings was examined. Three of the four three-year-olds 
who experienced no success in the cross-sectional sampling, 
a year later, were still not successful in attempting the 
parking lot problem. However they had a degree of success 
when attempting the theatre problem. These three subjects 
performed the location task Red A5 correctly. Two of these 
three three to four-year-old subjects were also successful 
in the selection problem. The performance of the four 
subjects in the four to five year age group had a wide 
variance between the cross-sectional sampling and the 
longitudinal sampling. The four-year-olds of the cross- 
sectional sampling were not successful in any part of 
either the parking lot problem or the theatre problem. 
Their performance as five-year-olds was different. One 
subject as a four-year-old attempted both the parking lot 
and theatre problems and met with no success. A year later, 
in the longitudinal sampling, the same subject performed 


every task of both the parking lot problem and the theatre 
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problem correctly. Another subject in this age group had 
almost the same experience going from performing no tasks 
correctly as a four-year-old to a near perfect performance 
aswasfLive-year-old-seThisisubject J£ailed/inehis attempt to 
make the correct selection in the parking lot problem. 

Of the four subjects in the five to six year age 
group, there was more variance in the performance in the 
cross-sectional sampling than in the longitudinal sampling. 
In the cross-sectional sampling one subject did not 
perform any part of the parking lot problem or the theatre 
problem correctly. Another subject was successful in one 
Pocation task@ingthe parking lot. andtnot, inganyeparteoLethe 
theatre problem. A third subject in the five to six age 
group performed successfully all the location tasks in the 
theatre problem but no part of parking lot problem was 
completed successfully. The fourth subject in this particu- 
lar age group performed all the location tasks in both the 
parking lot and the theatre correctly. In the longitudinal 
sampling the same four subjects in the five to six age 
group displayed less variance in their solution performances 
of the parking lot problem and the theatre problem. Each 
subject was successful in at least one of the two location 
Pasks oOfethes parking sloteproblemipius oneton thegthree 
location tasks and the selection task in the theatre prob- 
lem. The subject who was the least successful in the 


cross-sectional sampling was the least successful in the 
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longitudinal sampling. The two subjects who were success- 
Guieinsone pasteotsthespackingsloteproblLem=oneonempant OL 
the theatre problem in the cross-sectional sampling, were 
now successful in one location task in the parking lot 
problem and two location and selection tasks in the 
theatre problem. No subjects in this five to six year age 
group completed every aspect of both the parking lot and 
the theatre problem correctly. 

The six to seven year age group was the youngest 
age group to have a subject perform all tasks in the cross- 
sectional sampling and all tasks in the longitudinal 
sampling correctly. One subject in this group performed 
only the selection task in the parking lot problem 
correctly as a six-year-old. A year later, his age now 
seven, he performed all location tasks of both the problems 
correctly but neither selection task. The remaining three 
subjects in this age group in 1974 performed a minimum of 
one location task in the parking lot and one in the theatre 
problem. In 1975 these same subjects were correct in the 
two location tasks of the parking lot problem and two of 
the three location tasks of the theatre problem. Two of 
the three made correct selections in the parking lot task 
and all three made correct selections in the theatre 
problem. 

In the seven to eight age group and the eight to 


nine age group there was little variance in the performance 
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in the cross-sectional sampling and the longitudinal 
sampling. The subjects performed the location and the 
selection problems of the parking lot and the theatre with 
very little error in either cross-sectional sampling or 
the longitudinal sampling. 

Going through the sampling, comparing the perfor- 
Mance of a subject in the cross-sectional sampling to his 
performance a year later in the longitudinal sampling, 
the subject's performance either had the same number or 
more correct responses. For the subjects who were seven 
and older in both the 1974 and 1975 samplings, most of 
the responses were correct. In the three to four and 
four to five age groups the performance of two subjects 
remained unchanged in the two samplings. The remaining 
six subjects' performance had more correct responses in 
the longitudinal sampling. The experience of the five to 
six and the six to seven age groups was more correct 
responses in the longitudinal sampling than the cross- 
sectional sampling indicating that the ability to solve 


problems has a developmental trend. 


CONCLUDING STATEMENTS 


in thes chapter ches trndingsecrometnie :cross— 
sectional and longitudinal phases of the investigation have 
been reported. A videotape recorder was used to record the 


behaviors of the children as they did the problems. An 
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indepth analysis of its usefulness was not done but from 
the results of this investigation it appears to be effec- 
tive. The longitudinal data support many of the cross- 
sectional findings. Most of the procedures employed by 
the subjects in the first sampling were again observed 

in the second sampling. 

The following general statements summarize the 
specific findings which are considered important. 

1. Videotaping the behaviors of young children 
appeared to be an effective technique for collecting data 
ieaeclinical situation. 

2. The majority of subjects used a systematic 
procedure in their attempt to do the location problems. 

3. In the location problem of the theatre, the 
position to be found governed the order in which the 
elements of the triple were interpreted. 

4. The younger subjects experienced a larger 
degree of success with the location tasks utilizing a 
code triple compared to using a number pair. 

5. The children were just as successful with the 
location problems associated with the parking lot as with 
those associated with the theatre. 

6. The children's procedures changed and became 
more systematic as they got older. 

7. The younger subjects were more successful with 


the selection tasks than the location tasks in both the 
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parking lot and the theatre problem. 

8. In the location problems of the theatre the 
use of colored letters to indicate the tier was just as 
effective as the use of colored tickets. 

9. The children displayed a variety of verbaliza- 


tions when attempting the problems. 
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SUMMARY, DISCUSSION AND IMPLICATION OF RESULTS, 
CONCLUDING STATEMENTS, RECOMMENDATIONS 
FOR FURTHER RESEARCH 


SUMMARY 


Much research on problem solving in mathematics 
has been reported with the majority of studies being 
concerned with children's verbal responses to problems. 
Nelson and Sawada (1974) undertook a longitudinal study 
into young children's behavior in non-verbal problem- 
solving situations. They designed six pairs of problems 
on the basis of 'derived criteria' as outlined by Nelson 
and Kirkpatrick (1975). Because little is known at present 
on how to devise appropriate problem-solving situations 
for children their ultimate purpose was to study the 
responses of young children to these problem situations in 
an attempt to include non-verbal problem solving in a model 
for mathematics learning. 

This present study is based on data collected by 
Nelson and Sawada for one pair of problems. The data were 
collected in a clinical situation and comprised a cross- 
sectional and a longitudinal sampling. The cross-sectional 
interviews were conducted in the summer of 1974 with a 
sample composed of 90 children ranging in age from three 


to eight years. The longitudinal interviews were conducted 
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the following summer with a sample of 76 of the original 
subjects who were available. The children thus were in 
the age range four to nine. 

The aim of the present study was to observe and 
describe behaviors of young children while attempting to 
solve problems associated with two spatial situations: 
one in two dimensions, which involved a simulated parking 
lot, and the other in three dimensions, where a simulated 
theatre was used. There were 60 subjects, 10 at each age 
level, who were presented with problems involving a parking 
lot during the cross-sectional interviews. Thirty of the 
subjects, five at each age level, also attempted the 
problems associated with the theatre. In the longitudinal 
sampling, 24 of the available subjects tried to solve 
problems involving the parking lot and 48 of the subjects 
attempted the theatre problems. Each situation consisted 
of a location problem and a selection problem. 

An interviewer presented the problems to the sub- 
jects individually. As they worked at solving the problems, 
their behaviors were recorded on videotape. Analysis of 
the videotapes suggests the following general conclusions: 

1. Videotaping the behaviors of young children 
appeared to be an effective technique for collecting data 
ineoeclinicalesatuatlon. 

2. A systematic procedure was incorporated by 


many of the children as they attempted the problems. 
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3. For the pre-school child the physical structure 


of mathematically equivalent problems can make some more 


dees culbtetousolvesthan others. 


DISCUSSION AND IMPLICATION OF RESULTS 
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A summary of the findings was made at the conclusion 


of Chapter III. A discussion on each of these follows. 


Videotaping the behaviors of young children appeared 


LOsbDesanmeEfectiveltechniquemsiorecoltlectinggdatakan 
anclanicalysituation. 


Using the videotape recorder as a data-gathering 
device meant that a permanent record of the children's 
actual behaviors and verbalizations has been made for 
every problem situation. One advantage in having a per- 
manent record is that the problem of reliability in inter- 
preting the data is lessened. A tape can be viewed any 
number of times and by any number of individuals. [In 
other methods of observation, the one gathering the data 
has some preconceived notions and is often trained to 
record specific behaviors. The unexpected behaviors may 
be disregarded. The bias created by these factors would 
be assumed to be eliminated in the data gathering process 
when using a videotape recorder because all the actions of 
the children are to be recorded. In this study the 
behaviors that were deemed important were isolated after 
the data had been collected and the tapes had been viewed 


many times by a team of investigators. 
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An outcome of using the videotape recorder for 
collecting data is that the information has to be converted 
into a workable format. A coding system can be devised by 
observing the actual tapes. Unlike the situations where 
the data are being coded while the behavior is going on, 
the code does not have to be developed beforehand. If 
ever a particular coding is found to be inadequate a 
revised system can be developed without the loss of data. 
If on-the-spot coding is done and the code proved to be 
defective, all the data recorded would be lost. The ones 
using the code do not have to be fully trained before 
transcribing the data but can develop their skill and 
efficiency as they record. A technician who is unable to 
retrieve the information from the tapes in a reliable 
Manner can easily be replaced without interfering with 
the research. 

A general coding system was devised to record the 
behaviors in all the problem situations. Even though 
modifications and additional symbols were necessary for 
each problem the similiarity of the codes has given con- 
tinuity to the recording system. The codes were easy to 
read and included those behaviors which were stimulated by 
Phemoroblema Patterns ote behaviors couldsottensbegdetected 
just by looking at the coded material. The one disadvantage 
in using taped data was that the task of transcribing the 


information into a useable format was very time consuming. 
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Another advantage in having the data recorded on 
videotape is that it is easy to detect inconsistencies in 
Chesuse Of"*the protocols. BSWightevariations may occur 
unnoticed if behaviors are being coded as they occur. 

Using a videotape recorder in a clinical setting 
means introducing extra people and equipment into the 
Situation which may distract the child. This could be a 
shortcoming of this system. Fortunately in this project 
the problems and their accompanying apparatus were suffi- 
ciently attractive that such distractions were minimal. 
Another difficulty is that the behaviors have to occur in 
a relatively small space if they are to be totally recorded 
on tape. Problems requiring a child to move about a great 
deal may encounter some technical difficulties. 

Therma jority, Ole sub sectseusSedsansystemalitcepnocedure 
in their attempt to do the location problems. 

The systematic procedures used by the subjects 
performing the various location tasks involved counting, 
Macchlingeor eaecOnbindtlonec GethicetwOsmen Cher parkingslot 
problem the design of the apparatus encouraged the use of 
a strategy combining matching and counting. Two numeral 
scales when fitted to the baseboard gave the coordinates to 
each bay. An arrow indicated the entrance or starting 
Loin ea lhesmayOrity Of subj ectssappearcd slo usesmatehing 
for the first element of the number pair as they would 


slide the car along the scale and pause opposite the scale 
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number which matched the first numeral of the ordered pair. 
Turning into the row the spaces were then usually counted. 
A check was often made by a glance or by moving a hand 
from the designated space, across the rows, to the scale 
indicating the space coordinate. The older subjects often 
used a coordinating strategy. They would be presented the 
task, scan the grid and then place the car in the correct 
space. 

The design of the theatre apparatus seemed to encourage 
a strategy of matching. Two elements of the triple, namely 
color and letter, were found by a matching process. Finding 
the seat could involve counting. With the seats being 
JabelVed ibysnumeralsminstronteofethegGirst row, matching 
seemed to be the more obvious strategy. The subjects had 
more flexibility in their procedures for finding the given 
seat. Unlike the parking lot there was no obvious starting 
point. The subjects were systematic in that the tier was 
usually identified first and then depending on the task, 
the row or the seat was identified next. 

Both sets of apparatus encouraged the subjects to 
use a systematic procedure in locating a position in either 
two-dimensional or three-dimensional space. The subjects 
easily adopted a systematic approach and tried to complete 


the location tasks: 
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In the location problem of the theatre, the position 
to be found governed the order in which the elements 


of the triple were interpreted. 


In performing the tasks of the location problem 
involving the theatre, a position was to be found on each 
of the three tiers. Of the three elements of the triple to 
be interpreted, the tier was the first element identified 
in the majority of cases. The seat was the next item to be 
indicated in tasks Red A5 and Blue B8. The tendency to 
Single out the seat in task Red A5 could have resulted from 
the fact that the subject stood in front of the apparatus. 
The numerical labels of the seats were very evident as they 
were in front of the first row on each tier while the 
letters labelling the rows were off to one side. The '5' 
being directly in front of the seat was the more obvious 
element on which to focus. 

In the case of Blue B8 most of the subjects could 
not reach the position from where they were sitting. Many 
walked around to the back of the theatre and found the '8' 
and then the row. In this task the letter was probably 
disregarded until the end because an aisle separated the 
seats 1 to 5 and seats 6 to 10. The lettering was beside 
the first seat in each row and therefore quite a distance 
from the eighth seat. When the subjects walked to the back 
of the theatre they stood closer to the numerical labels. 
The resulting response in the majority of cases was to 


focus on the seat and then locate the particular row in 
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which it was situated. 

The procedure for locating Yellow E4 was different 
from the preceding tasks. In this case the row was 
indicated before the seat. Because the seats were in a 
curvilinear arrangement and the label '4' was far from the 
seat, the row was usually found before the seat. 

The triple that named the position was composed of 
three different elements. The subjects could use these 
efements. insanyeolder.,  'Themlocationwot etnies ooss tion 
influenced their choice when they attempted the various 
tasks. 


The younger subjects experienced a larger degree of 


success with the location tasks utilizing a coded 


Corp le comparedstomising alnumber pain. 


When the children were doing location problems 
the description of the position for the car in the parking 
lot situation and the 'man' in the theatre situation were 
given by two different means. The parking lot being 
bounded by a horizontal and vertical axes consisted of 
rows of parking spaces which were identified by a pair of 
numerals. The first numeral referred to the horizontal 
direction and the second one indicated the vertical. The 
intersection of the two coordinates indicated the desired 
parking position. The location problem involving the 
theatre was completed in a three-dimensional space. The 
theatre consisted of three tiers of seats. Each seat 


could be described by using a triple consisting of color 
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to indicate the tier, letter to indicate the row, and 
numeral to indicate the seat. As in the parking lot, the 
point of intersection of the three elements in the triple 
identified the seat. 

The location problems of the parking lot and the 
theatre were assumed to be mathematically equivalent. 
However it appears that the younger subjects experienced 
more success with the location problem of the theatre than 
with the parking lot. It appears that children in the age 
range of three to five years find that information made up 
of color, letter, and numeral is easier to interpret than 
information given by a numerical code. The three-year- 
Olds were unable to make any correct responses in either 
of the location problems. Their responses fell into one 


of two 'no-solution' categories in the parking lot situa- 


tion. In the majority of the cases the task was abandoned. 


In the instances where the task was not abandoned, an 
attempt was made but the car was incorrectly placed (refer 
to Tables 11 and 12). In contrast the range of responses 
made by the three-year-olds in the theatre situation were 
broader. There were responses categorized in each of the 
three 'no-solution' categories. Also a correct response 
was made when additional assistance was provided by the 


interviewer (refer to Tables) 157916"andal7)2 Compared¥to 


the performance on the parking lot where cars were randomly 


placed with complete disregard for the information on the 
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ticket, two three-year-olds found seats where two of the 
three elements stated were correct. 

The four-year-olds are perhaps the ones whose 
responses are most indicative to the belief that the 
location tasks using a coded triple were found to be 
easier than those using a number pair. In the parking 
lot problem all but two responses fell into the categories 
GGeITICOrrect SOlUEITON, fandainehalt ompethescmcasesmcnemtask 
was abandoned. The remaining responses were classified as 
incorrectly placed or parking so that one of the two 
elements was correct. Only in the cross-sectional sampling 
did two four-year-olds perform the final location task 
correctly. Perhaps the reason why correct responses were 
made in this task is because additional assistance was 
given in performing task 2. 

In the theatre problem the task was abandoned 
OMivetn twomcases, sboch=OLewhicheoccurnedinmthnescross— 
sectional sampling. The majority of responses fell into 
the categories where the responses had some aspect correct. 
Unlike the parking lot, the task was abandoned only in 
two instances for this age group. The reason for this 
CcoulLdeberabtributed itomtherbactethatwinesthertcross—sectional 
sampling the parking lot problem was presented first. How- 
ever in the longitudinal sampling the theatre problem was 
presented first and all four-year-olds made an effort to 


solve the location tasks. As in the cross-sectional 
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sampling the task was abandoned for about half the four- 
Year -oldsaeinmtnicaparkingmlotesituallOn amr COnme nh) sme 
appears that the setting of the theatre had more appeal and 
the subjects found the tasks easier. 

The responses of the five-year-olds fell into a 
wider range on the parking lot problem than the theatre 
problem. The task was abandoned for several of the sub- 
jects in the parking lot situation whereas all five-year- 
olds attempted to do the theatre location tasks. The 
remaining responses on both problems were very similar in 
that there were Horreee responses made on both location 
tasks of the parking lot and on all three location tasks 
of the theatre. The majority of errors made in both 
Situations were one element being incorrect. 

The subjects ranging in age from 3 to 5 years were 
more successful in completing the location problems using 
a de SOE in three-dimensional space than in using a 
numeral pair in two-dimensional space. A larger proportion 
of the subjects not only attempted the tasks involving the 
theatre but were more successful in giving correct responses. 

The children were just as successful with the location 
problems associated with the parking lot as with those 
associated with the theatre. 

The location problem in each situation was to find 
the position which corresponded to the description on a 
given ticket. The parking lot tasks were done in a space 


bounded by two dimensions with the position being described 
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by a pair of numerals. Three-dimensional space was involved 
in the theatre tasks with the description of the position 
being given by three elements: color, letter and numeral. 
The information given to the subjects in both situations 
followed the same sequence (see Appendix A for protocols). 
The solution procedures used with each apparatus were the 
same. The problems were solved using strategies of what 
appeared tosbe counting, matching; of a combination thereon. 
In both situations as the age of the subjects 
increased the number of correct responses increased. All 
of the three-year-olds were unable to grasp the notion of 
how to locate the designated positions on both sets of 
apparatus. The youngest subjects to complete successfully 
the location problem in both the parking lot and the 
theatre were the four-year-olds. In the cross-sectional 
and longitudinal samplings the eight-year-olds were the 
Onlyesubyects, tO do alle@the tasks correctly. nis soccurced 
only with the parking lot apparatus. The few eight-year- 
Olds who were not totally successful in the theatre location 
tasks had two of the three elements of the triple correct. 
For each of the six and seven-year-old age groups the 
PLOpOGtLOneOr, COrrect LesponsesswasevVenyesimllamecor 
Phesparking Lot and theatre situations ss (new subIcCCESecad 
not appear to perform better using a number pair in two- 
dimensional space than using a coded triple in three- 


dimensional space. 
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The children's procedures changed and became more 
Systematic as they got older. 


The responses of the subjects were classified in 
a hierarchy of solution procedures developed from the 
observations of the behaviors displayed while attempting 
to solve the problems. The levels of responses ranged 
from the lowest level where the task was abandoned to the 
highest level where a correct response was made. 

Most three and four-year-olds were unable to 
follow instructions. For them the task presented was 
ignored and they proceeded to place the objects in a line. 
The four-year-olds were distracted by the apparatus in 
that their responses involved more play-like behavior. 

The five and six-year-olds were in a transitional 
stage in that these two age groups had the widest range of 
responses. Some of the subjects attempted the task but 
were incorrect. Other subjects in the same age groups 
gave responses that were partially correct and a few made 
responses which were correct. 

The subjects who were seven or older solved the 
problems with considerable ease. Very few errors were 
made by these subjects. Having better eye and hand coordina- 
tion, many would perform the tasks with little effort. Their 
actions were quick and decisive. Some would view the appa- 
ratus with their eyes and then place the object emphasizing 
tnestactetiateal parking oteandstneatrosweLenigqnioLcdsand 


only the task of locating a position seemed important. 
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The findings seem to indicate that children use more 
sophisticated procedures as they get older. 


The younger subjects were more successful with the 
selection tasks than the location tasks in both the 


parking lot and the theatre problem. 


According to the protocol, the selection task was 
not presented unless a minimum of one location task was 
completed correctly. The placement made by the interviewer 
in his instructions often enabled the requirement to be 
met, acwrasdadl ike in the situations involving the younger 
subjects. It is felt that the young subjects who could 
not do any of the locations tasks and were able to make a 
correct selection, did so not because they were able to 
interpret the information more readily but because they 
remembered the object placed by the interviewer and what 
card was used in the instructional task. This was 
especially evident in the parking lot problem. 

In the theatre problem the 'man' designated was 
usually red A5. This enabled an easy selection for two 


reasons. Firstly, there usually was only one 'man' sitting 
on the red floor and red would be the only element 
requiring consideration. The second reason is that the 
'man' sat beside the numeral '5' and only one ticket 


contained a '5.' Again a correct selection could be made 


by isolating only one, element of the triple. 
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In the location problems of the theatre the use of 


colored letters to indicate the tier was just as 
effective as the use of colored tickets. 


In the cross-sectional sampling the color of the 
tier was indicated by the color of the symbols on the 
ticket. However in the longitudinal sampling the color 
of the ticket designated the tier. The manner in which 
the information was conveyed did not seem to have an 
effect on the number of correct responses. In the longi- 
tudinal sampling there were more older subjects who made 
correct responses. Therefore only the subjects ranging 
in age from four to eight years were considered. The 
proportion of correct responses made in both samplings 
was very Similar. With the use of colored tickets or 
colored letters the children's behavior was not noticeably 
different. 

The: children displayed a variety of verbalizations 
when attempting the problems. 

Many spontaneous verbalizations were exhibited by 
the subjects as they attempted the various tasks. Repeating 
the question to oneself or making comments such as 
counting which pertained to the task were the most frequent 
ty pesmOLaverbalizations eu tne youngechidldren? seemed tombe 
distracted by the apparatus and made comments which were 
irrelevant to the task. The parking lot encouraged more 
irrelevant comments than the theatre. Some of the younger 


subjects were interested in the type of car they were to 
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park. Others asked if the car should be parked frontwards 
or backwards. It seems that they impose their own rules 
upon certain irrelevant aspects of a task and this dis- 


tracts them from the problem. 
CONCLUDING STATEMENTS 


The findings of the present study are not conclusive 
but they do reveal many things that young children do as 
they go about solving problems. The data appear to 
support the following concluding statements but they may 
need to be confirmed through further research. 

1. Using the videotape recorder as a data 
gathering device is an effective means in studying 
children's behavior in problem-solving situations. 

2. The procedures used by the children become 
more systematic and sophisticated as they get older. 

3. For the pre-school child the physical structure 
of mathematically equivalent problems can make some more 
Gditevecultetoisolve, thanmothers* 

4. For his initial experience, a young child 
should be introduced to problems involving a frame of 
reference with axes indicated by different elements such 
as letter and numeral. 

5. Spontaneous verbalizations expressed by the 
children while solving problems appear to be elicited 


mostly by children while they are young and seem to be 


Wiuriowe a ee GriNs spageie af eed a 
en eek an gency amet apd, Sia tmevird ob et - | 
Ko vaecuy otal! ett apsuined wieelon swete se . ae 
rat yo dsl etammece rh: Saleh oes. pal wet eas” et = ae 
types vehi nl Aqnirnich bensttios 9d & cn : 
cigh & @e ver Se mn agadeebly af) qatad oo = 
oy (eRe. 1 @rown Gtiges ie «es ei waived pubsbeiady a 
aoc hfatie peggeepdaete # varradet o*exbe i 
wena 4oxe! ay et awe acndew aay >! _ a 
pl qh Renin hae oma som 
pikeursee fe-ste oty Pas Le ee ot a > ore 
it Crm har ee ibaa: ha? 
ferilion pie whew 3 
whe> Séaere ot salieiniba fri ink swim oe 7 
j “<-> 6 eit nia) Reena: Oot Ren 
= rns asic 


7 7 


B28 


more task related when they are older. 

An implication that can be made from the observation 
that young children develop more sophisticated procedures 
in solving problems is that clear problems with few dis- 
tractions need to be designed for the very young. Four- 
year-olds appear to be able to follow instructions more 
readily than three-year-olds. Problems designed for 
three-year-olds need to consider both the mental and 
physical capabilities of this age group. The verbaliza- 
tions made by the young subjects reveal that they are more 
distracted by some settings than others. More research 
needs to be conducted into what constitutes a 'good 


problem' for the various age levels. 
RECOMMENDATIONS FOR FURTHER RESEARCH 


The results of this study have created an awareness 
that children of different ages respond to problems in 
different ways. In the guidelines devised by Nelson and 
Kirkpatrick (1975) it was suggested that the problem situa- 
tions should involve real objects or simulations of real 
Objects... Inathis investigation git fappeared ythatithe tolder 
subjects appeared to ignore the apparatus and to concentrate 
on the problem. After the problem was presented the grid 
was surveyed and the object was placed. The younger sub- 
jects were the ones who responded to the apparatus. Further 


research is required to establish the criteria to be met in 
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the construction of the manipulative materials. The 
parking lot and the theatre seemed to be well designed. 
The children were very willing to park the cars or to 
place the 'people' in the theatre. Only a few of the 
younger subjects were distracted by the situations to the 
extent that they lost focus of the problem. 

Another area that needs further research is how to 
use the manipulative materials most effectively. The 
presentation of the problem will influence the way in 
which the subjects will respond in their attempt at a 
solution. In the parking lot and theatre situations the 
subjects were given an opportunity to play with the 
materials. The play period was followed by activities 
which involved working with each dimension of the apparatus 
separately. Next a demonstration was given on how to use 
a numeral pair or a coded triple. After these preliminaries 
were completed the problems were presented. The results 
have indicated that the older subjects would not require 
such extensive activities before the problems. For the 
younger subjects it appeared to be a good technique. When 
a subject could not cope with the preliminary activities 
the interviewer abandoned the problem. Most subjects were 
willing to attempt the problems. More research is required 
into what should be involved in the presentation of a prob- 
lem when the child is required to move or modify objects to 


express his solution. 
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Little research has been conducted on how young 
children interpret space or how they develop spatial con- 
cepts. The results of this investigation have indicated 
that the ability to do problems in two and three-dimensional 
space has a developmental trend. What spatial concepts does 
a seven-year-old possess that enable him to survey a grid 
and locate a given position? What skills are lacking in 
a four-year-old which prevent him from solving the same 
problem? Further investigation is necessary to answer such 
questions. 

A means should be devised which would determine the 
Spatial concepts that a child possesses. With the evidence 
of the research already completed there has been a change 
in the mathematics curriculum. In the area of geometry 
concepts of topology are being introduced at an earlier 
age. Euclidean concepts are studied later. By being made 
more aware of the manner in which a child interprets space 
more effective learning situations can be devised. 

In transcribing the information from the videotape 
into a workable format, the winding and rewinding of tapes 
was very time consuming. In the Nelson and Sawada study 
the tapes were arranged in such a manner that all the 
problems done by a particular child were recorded on one 
tapes eilnethusestudy stwosolstwelveryprobliems wereginvesti— 
gated. This meant that a list of children»who*did the 


problems involving the parking lot and the theatre had to 
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be prepared. Every subject did six problems with the 
order of presentation being different in each case. The 
information to be coded could be found in any one of six 
possible places on the tape. The time of retrieval could 
be lessened if the tapes were arranged according to the 
problem. All the behaviors of the subjects doing the 
parking lot problem could be recorded on one set of tapes. 
The actions of those doing the theatre problem could be 
recorded on another set. There would be a set of tapes 
for each particular problem. In transcribing the informa- 
tion the investigator could begin at the start of the tape 
and work through to its completion with the amount of 
winding and rewinding being minimal. 

In this investigation it was concluded that the 
videotape recorder was an effective device in studying the 


behaviors of young children as they did problems. [In the 


theatre situation color was one element of the triple which 


was used to describe a particular position. The design of 
the theatre enabled the investigator, while viewing the 
black and white videotape, to interpret responses to color 
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the problems designed for young children. The manipulative 


materials are most often colored. It is one of the attri- 
butes they frequently use in distinguishing objects in 
their environment. An outcome of this observation is to 


recommend the use of colored videotape in further 
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investigations. The design of the apparatus does not 
necessarily lend itself to the interpretation of how chil- 
dren respond to color. Incorporating colored videotape 
could increase the possibility that all important behavior 


trends are being observed. 
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PROTOCOLS 


The Parking Lot: 
aly Steps” lelonela) “Syehiveulabete(s 


The Theatre: 
a. For the Cross-sectional Sampling 


b. For the Longitudinal Sampling 
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CROSS-SECTIONAL AND LONGITUDINAL SAMPLING 


THE PARKING LOT 


The grid is placed on a low table in front of the 
child, the long axis pointing away from him. Between the 
grid and the child are placed twelve plastic cars in 
random fashion. The child is told that what he sees is a 
parkingrloteand thatetheicarssinestrontsotahimearecatosbe 
placed in the parking places. 

He is then instructed to choose one of the cars 
and to park it wherever he wishes. The arrow showing 
where he is to enter is pointed out to him. Once he has 
parked the first one, he is asked to choose two more cars 
and to park them, in turn, wherever he wishes. These cars 
are then removed from the board. 

A piece of cardboard is used to cover all of the 
grid except the first horizontal row. The child is given 
aeCardiwithethesnumeralasewritten onpit and (told thatyat 
LSaauclipawhichetetis himein whichtplacestos park ascar. 

He is asked then to choose a car and park it in the correct 
Spacesi,1£ necessary, helissassisted in parking, the: farst 
car. He is then given another card with the numeral 5 
written Onelteand asked to park agcareortenis!) cholce;se This 
procedure is repeated once more, using a card marked with 
the numeral 2. 


All cars are then removed and the covering cardboard 
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adjusted until the row of parking spaces are covered. The 
child is given a card with the numeral 7 on it, asked to 
choose a car, and to park it on the correct space. He is 
helped with the first car if necessary. He is given two 
moresecards, One@wilth4 onelt, -thnesother withel0, on =1t, and 
asked to park two cars in the correct spaces. No help is 
given in parking these cars. The child who can park no 
cans correetly= (up toethisspoint) PewLll not™proceed further 
with the problem. For those who park at least one car 
correctly, the cardboard cover is now removed from the grid. 

The child is then shown a card with the number pair 
4,3 written on it. He is told that the first numeral tells 
howstarshetgqocs@in-ethesdireer lon Otethemamrow- (This is 
made as clear as possible by gestures and/or additional 
directions.) He is told that the second numeral tells 
how many spaces he moves up. These, and any additional 
directions, are accompanied by gestures. Assistance is 
given if necessary in parking the first car. He is given 
another card with’ the pair %2,5° written on itvand asked to 
ehoose®a ‘Carfand® park it. “Binally;“he*is*gaven a’ card with 
the pairec;,o wrLeten Onwiteand  askedetorchoose anotner= scar 
and park it.” No help is given with the last two cars; 

The three cards he used to park the last three cars 
ave iplaced@in=front of *himem One Ol@thes cars i s=pointed out 
ana he*is asked tovfind the card that tells where that "car 


is parked. 
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CROSS-SECTIONAL SAMPLING 


THE THEATRE 


The Theatre Grid is placed on a low table in front 
of the child. On the table, between the grid and the child, 
are placed ten objects representing people to be seated 
in the theatre. 

The three colored levels of the theatre are pointed 
out as are the letters and numerals which designate the 
rows and seats of the grid. 

The child is asked to choose one of the people and 
to place him in any seat he wishes. Once he has done this, 
he is asked to choose another person and to place him in a 
seat on the blue level. The child is then shown a card 
with an A on it and asked to choose a person and place him 
in any seat in the row marked the same way as the card. 
Banally,; she: 1s 8shownsaswcard with ae2aon tiovand taskedsto 
place a person in a seat marked the same as the card. 
Assistance is given with any or all of the moves above. 

All the objects representing persons are left on the grid. 

The child is then shown a card with the symbols B-8 
written in yellow. He is asked to choose a person and told 
that the card indicates that person's seat in the theatre. 
He is reminded that the color of the marks on the card 
indicates what floor the seat is on, the letter shows what 


row the seat is in and the numeral shows which seat in the 
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row. The child is assisted in seating the person 
correctly. 

ThensthercniddeisegivensascardswitheA-S5eOnmicein 
red, asked to choose a person, and to seat him in that 
seat. No assistance is given but when the child seats 
the person to his satisfaction, he is given a second card 
and asked to choose another person. The card has B-8 
written oneitsinebluesw sOncevthateoneniseseated ,fagthird 
card is presented with E-4 on it in yellow. Again the 
child is to choose a person and place him in the correct 
Seat. All®objectsiarestertyonythesgqride 

The cards for the last three persons are placed 
in front of the child and one of the last three persons 
seated pointed to at random. The child is asked to 
indicate which card belongs to that person. However, if 
the first person seated is the only one seated correctly 
that person must be selected as the one whose card the 
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LONGITUDINAL SAMPLING 


THES CREATRE 


The Theatre Grid is placed on a low table in front 
o£ the childy.)0On- the table, ibetweensthe igridvandstherchild, 
are placed ten objects representing people to be seated 
in the theatre. 

The three colored levels of the theatre are pointed 
out as are the letters and numerals which designate the 
rows and seats of the grid. 

The child is asked to choose one of the people and 
to place him in any seat he wishes. Once he has done this, 
he is asked to choose another person and to place him ina 
seat on the blue level. The child is then shown a card 
with an A on it and asked to choose a person and place him 
in any seat in the row marked the same way as the card. 
Finally, he is shown a card with a 2 on it and asked to 
place a person in a seat marked the same as the card. 
Assistance is given with any or all of the moves above. 

All the objects representing persons are left on the grid. 

The child is then shown a yellow card with the 
symbols B-8 written on it. He is asked to choose a person 
and told that the card indicates that person's seat in the 
theatre. He is reminded that the color of the card indi- 
cates what floor the seat is on, the letter shows what row 


the seat is in and the numeral shows which seat in the row. 
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The child is assisted in seating the person correctly. 

Then | theschidd@i saqivensanredecard withneA—5osOnsit, 
asked to choose a person, and to seat him in that seat. 

No assistance is given but when the child seats the person 
to his satisfaction, he is given a second card and asked 
to choose another person. The card is blue and has B-8 
written on it. Once that one is seated, a third card 
which is yellow is presented with E-4 on it. Again the 
child is to choose a person and place him in the correct 
seat. All objects are left on thevqrid: 

The cards for the last three persons are placed in 
front of the child and one of the last three persons seated 
pointed to at random. The child is asked to indicate which 
card belongs to that person. However, if the first person 
seated is the only one seated correctly that person must 
be selected as the one whose card the child is asked to 


Find. 
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APPENDIX B 


CODE USED FOR RECORDING DATA FROM VIDEOTAPE 
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Demonstration: 


CODE FOR RECORDING DATA 


such as tracing over rows, or matching numerals and 


spaces. 


DEM Q) 


Physically moving object down the row, then into 
the column. 


DEM (2) Indicating how the object is to move by tracing a 
path with a finger. 

DEM Ga) Trace over exposed row (column). 

DEM G) Interviewer points to numeral (letter) on ticket, 
then to letter (numeral) on apparatus. 

DEM (4) Interviewer points to numeral (letter, color) on 
axis and matches with corresponding space. 

DEM (53) With 2 or 3 dimension tickets, the interviewer 
matches with left hand the one axis, the right 
hand on the other. 

DEM () With 2 or 3 dimension tickets, the interviewer 
matches as in DEM 5, , then moves hands together 
COSGHE pomntlor intersection. 

Verbal Explanation (VE): no gestures except pointing on 


a ticket or in a general direction. 


me « »« Space that has the same number as the card. 


"first number tells you to go this way and the 
second number tells how far to go that way." 


twee the. colors tell Seyoumenem DOOR balcony): 
letter—the row, and the number—the seat." 
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a verbal explanation accompanied by gestures 
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Cars set wat estarciqepoimtm@)) bDys=invceryrewer 
Car (man) handed to subject 

Other car (man) placement: 

Cards given to the subject 


Cards placed on board: 

Sn - by interviewer 5c - by subject 
Cards placed on board opposite corresponding 
numeral (letter) 


65 - by interviewer 6, ——DVesubvect 


Other: 


Arter parking car: 


ind ts 


Cards handed back to examiner 

Cards held by subject 

Cards placed on board opposite numeral (letter) 
Cards piled on board 


10, - by interviewer 10, —- by subject 
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- pause looking at a specific place 


- pause searching - eye movement over 


apparatus 


- pause searching - card 
EO,row axlcaand Vs. 


- pause searching - card 
to column axis and vs. 

poses question 

poses question with a gesture 

prompts 

praise 

comment pertaining to task 


irrelevant comment 


subject asks for CLARIFICATION or 
REPETITION of question 


subject repeats question to self 
expression involving task or material 


car noises, grunts, groans, giggles, 
Sig list means 


irrelevant comments (not pertaining to 
problem) 


nods "yes" 
verbal yes 
shakes head "no" 


verbal no. 


fac oe <b ‘dies 
seafepin .coreree cavseemy ene in ey 


ee al 


Subject's 
Hands Be— both hands Subscripts 
Reel ohntanand Dia mOOln Lang 
m —- moving 
Loe ectanend toe Ouci ang 
Sees Gen 
Le+R — shite from lett 
wie) jesteilshe 
¥ - removed object from 
space 
— turns car around (rotates) 
----- MOViInGe Cl LEtmngq)mobmecks COmlocatlon 
——- ll ieLng . DaustnGe ne Orocess 
——+— sliding car (object) with slight pauses 
Color code — Parking@lot:) Bbluew= taskione 
green - task two 
red - task three 
Number code - Theatre: (2) task one 


(4) task four 
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SAMPLE OF RECORD SHEETS 


1. Parking Lot 


2 Theatre 
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APPENDIX D 


ALLOCATION OF PROBLEM SETS TO SUBJECTS 
FOR EACH AGE GROUP 
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ALLOCATION OR PROBLEM SETS TO SUBJECTS 
FOR EACH AGE GROUP: 


CROSS-SECTIONAL SAMPLING 


Problem Set 


is) 


PemecarOoOngLOups 

2. Animal groups 
732) Parking, Lot 

#4. Theatre grid 

5. Linear sequence 
6. Circular sequence 


*Problems in this study 
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Mirror reflection 
Factor platform 
Bacroreooand 
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Projected shapes 
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ALLOCATION OF PROBLEM SETS TO SUBJECTS 


FOR EACH AGE GROUP: 


LONGITUDINAL SAMPLING 


Problem Set Problems 
1 2 8 6 4 ib 5) 
2 6 4 2 a6) 5) 1 
3 4 a2 2 6 ae cl 
4 4 10 8 2 9 ul 
5 2 8 4 12 il 7 
6 10 2 4 12 3 aba 
7 8 10 Bs 6 7 5 
8 2 8 6 2 on 5 
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14 8 12 10 4 Z 2) 
5 6 12 10 8 te 9 
lle, LG hafevey (epetojiy or: 7. Object @rec lection 
2. Animal groups 8. Mirror reflection 
. Gee aL kai ngmelot Oe Ractorsplacrorm 
*4. Theatre grid LOVE AC COREDO and 
5. Linear sequence 11. Fold-up shapes 
6. Circular sequence 12. Projected shapes 


*Problems in this study 
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Table E-1 


Distribution of Solutions for Subjects who Attempted 
the Four Tasks in the Cross-Sectional Sampling 


(N = 30) 
Parking, Lot Theatre 
Location Selection hocation Selection 
Age Subject Die ob} 2a ae 
S} 
So 
5) S3 
Su 
Ss 
S} 
S» * * * 
4 53 
Sy 
Ss 
S ee RS * * 
S» * <a kek 
5 S3 * * * * 
on * 
Ss 
37 * * * * * * 
So : 
6 S3 * * * * * * 
Su * * 
Ss * * * 
34 * * * * 
So * * * * * * 
7 S3 * * * * * * 
Si * * * * * * 
Ss * * * * * 
S} * * * * * * 
So * * * 
8 S3 * * * * * 
Sy ke * * *k * * 
Ss * * * * 
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Distribution of Solutions for Subjects who Attempted 
the Four Tasks in the Longitudinal Sampling 
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